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ON THR NEED FOR DEVELOPING NEW STRAINS OF OYSTERS 
THROUGH MTN TVE BREEDING OF DOMESTIC STOCK, 
CROSS BREEDING WITH OTHER SPECIES 
AND THE 
INTRODUCTION OF SPECIES FROM OTHER AREAS 


Thurlow C. Nelson, 
Rutgers University 
and 
New Jersey Oyster Research Laboratory 


It is a basic biological law that each animal and plant reproduces 
Yofter its kind". Within certain definite limits of variation each species 
produces generation after generation of offspring which we readily recognize 
because of their close approximation to parental types. During the twentieth 
century, together with the rediscovery of Mendel's principles of heredity and 
a vast amount of brilliant research, we have made greater progress in the im- 
provement of agricultural crops and in farm animals in four decades than was 
made in all historic time prior to 1900. 


The dominant position of fmerica in the world's food picture of today 
is no accident. We stand where we do primarily for two reasons: hard work 
and the application of the results of scientific research. Oysters are a 
farm crop raised under water, and like the land farmer the oyster farmer is 
thoroughly familiar with hard work. He knows long hours, hard back breaking 
labor, most of it performed in freezing and subfreezing weather. But in the 
application of science to his industry the oyster grower is a good half cen- 
tury behind his brother on the land. Aside from the improved sanitary condi- 
tions in our shucking houses which have grown out of our knowledge of bac- 
teriology, oyster growers today are making use of but one scientific finding; 
the prediction of time and probably intensity of setting based upon: (1) the 
microscopic examination of water for oyster larvae; and (2) the condition 
of spawning of adult oysters. The pioneer work in this field was done by my 
father, the late Dr. Julius Nelson, between 1900 and 1915 in New Jersey and 
at Prince Edward Island, Canada. The work was developed practically by us 
at the New Jersey Oyster Research Laboratory, and by Churchill and Gutsell, 
and by Prytherch of the Fish and Wildlife Service, between 1917 and 1931. 
Application of these methods, together with much more accurate observations 
of the onset of spawning carried on chiefly at Milford, Connecticut, by 
scientists of the Fish and Wildlife Service, have been the most important 
factors in the recovery of the Long Island and New England oyster industry 
since the mid nineteen twenties. Restoration of the inshore spawning beds 
of Connecticut under the able direction of Dr. Prytherch, followed by the 
accurate setting predictions of Dr. Loosanoff and J. B. Engle, and by Dr. 
Loosanoff alone, have yielded financial returns to the oyster growers many 
times greater than the cost of all the research which made these results 
possible. 
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But why stop here? The. land farmer many years ago abandoned the scrub 
ehickens, the scrawny cattle and other nondescript stock of their grand- 
fathers, and developed flocks and herds of vastly improved animals. Through 
the results of research in genetics the farmer learned that a high milk pro- 
ducing heifer can transmit that quality only through her son to her grand- 
daughters, she cannot pass this directly on to her daughters. Likewise we 
honor the hen whose son will never set, yet we know that the 300-egg-a-year 
bird can pass on this character only through this never-setting son to ap- 
pear then in her granddaughters, not in her daughters. 


What do we know about inheritance in oysters? The answer is - virtually 
nothing. We do know that throughout the world over fifty different species 
are recognized and thet these species breed true. To date I know of no 
clearly proven case of hybrids among these shellfish. Within each species 
exist fairly clear cut regional varieties. Thus, for example, any experi- 
enced oyster grower will quickly pick a southern oyster from among a group 
of Long Island oysters. Conversely when eastern or Lone Island oysters were 
being transplanted in large numbers to Delaware Bay during the early nineteen 
thirties, even a relatively inexperienced observer could separate the new- 
comers from the native stock. It is important to note, however, that although 
these eastern oysters spawned extensively they have left no observable per- 
manent effect on the oysters of Delaware Bay. We cannot pick out a spat here 
and there and state definitely that its parents were from Long Island. We 
know in some instances that these eastern oysters spawned at least two weeks 
prior to the first spawning of natives. Early sets were obtained but in 
their later growth these oysters have taken on at least the shell character- 
istics of the Delaware Bay oyster, not those of their Long Island parents. 


Oyster growers in New Jersey, at least within my memory, have always 
stressed the value of introducing oysters from other areas. They insist 
that crossing must occur since the intensity of setting and the vigor of 
the stock seem to rise after such importations. Scientific proof does not 
exist either of crossing nor of increased vigor following the importat ion 
of oysters from outside. But, as a scientist who has been in life long con- 
tact with oyster growers, I would be among the first to pay tribute to their 
keen powers of observations It costs money to bring in oysters from a dis- 
tant point, hence I doubt if such importations would be continued unless 
there were pretty clear evidence of its beneficial results. 


The improvements which follow crossing in other lines of plants and 
enimals are well known. Outstanding are the results with hybrid corn and 
the superior strength and endurance of the mule. This the biologist attri- 
butes to so-called hybrid vigor or heterosis which has now been demonstrated 
among So Many animals and plants that it may be considered a biological law. 
fmerica's position in the world today is chiefly because of this very hybrid 
vigor: we humans are mostly hybrids and to this largely we owe the energy 
which so astonishes the rest of the world. 


Rate of growth and ultimate size are hereditary factors which in other 
animals and plants have been shown to be handed on according to definite 
patterns of ‘inheritance. Through selection of superior animals and by in- 
dividual matings Mr. Charles 0. Hayford of the New Jersey trout hatchery 
at Hackettstown was able by the third generation to double the rate of 


N 
eee 


1 -- elt sade eiten r iy 1 ue Shae ade tl now 
’ “as “ a0 ae Nine nnn 


een bt ade ad? ee d st c: pane be 21 


at 44 


. oe Lennbüen 650 2 wem Tur d Bft f R sr fe Vin, tub. 
et ene to foot, tallxopsbsec <> ty Bas S %. er 


eee ee eee vo ee bin e Regetay, 
wie Mpls 5 Lea Bad. rer iit nol Meng es first 

an ‘oN OF toe tet ee We 1% ya testis tek? 9 dnt ete ‘aoe, pete Berke 

ow ee . ache at) rae ay | 9 tea TL 5. a 4% Bü Fene 125 7 3 > russ 


el da 
eran « era eis te ie 40 eg men ob 
an. xcath acer e Fe 


ey ed un Ke of 
ing 0 0 wetter. oy 

Ae ee tds 743 77 tev bitow edd sundiwordd ent wot on 
. Ot Be, wordt t eteh Of womty basa ti bete e Ss tude. Bee Deatwe 
tegen meg ee enn ssen Lace eech Be pap are 
“yas. .vichass 103. , bout sha Stak ee Lasoo, fog ‘tants wry 
obus e ee ee a i025, giao ‘Pha 105 
* Grace | Bist at Bao. 1 7 ites eee rb 


a ie wis ae ‘yee ss ett bo aks ode S rh 
edits eee bl ee ite Ty CEL. bol one evi len 2 


tf e vondc een ee een ei Tt ede ren : 

& edo On 2401 ova) ee Ylovienbere eee eee ae 

wad 1 2 He Aste eee OT e 1 86 Te 5 out 80. det 
Set rot sort evew etna at? tus 

deals mt tagel we Hanwae Saen nase gas 3809 abo 

At tes deny g Otay eee een eee do eee e 


bet a edt Pepe de No done evan : pes oh 
eg De anol an fo d tom 4 


8 ae ain were set ee Ye pve ape ‘weil ‘3 0 
aki aHE Ys haste Tate fiers stare) An bers wrt de 
Nat mg 1 rent oat ody earg iche 
4 2 * tee. „Se 88 ec Ros Toy 0 15 iG 
oft en royty ‘Boelte nog 10 ston gmt 
92 0 il te ttt made 8 an es 3 
WEES att src on DEH 
ien er aT e 
* 8 doch an, ee re i 800 i 


cet fat ee We e pie thaw evn 
„„ S4p secinodetey  savohyd 
eft “ahi ems ‘ty eee ‘ory e 
ö Stabe god i) eee Sec Bg 
i Gt Yau 71 Vale ag Ane 
ns ar yao eee odd at 
p Gren viteot s 
“ft So Yaod ade 


wh eie ele mMn Us 
el 8 bya ton Ang 


growth in trout. Ry Novemher of their second year he had same fish up to 
fourteen inches in length as against a maximum of seven for the unselected 
general stocks. Dr. Carriker, later to appear on this program, together 

with co-workers in Wisconsin, developed a race of the common fresh-water 
snail, Lymnea, which was approximately one-fourth larger at maturity than 

the wild type from which the original parents came. G. W. Martin working 

in our own laboratories showed twenty years ago that of oyster spat which 
attach at the same time on glass plates where they are able to grow without 
obstruction from other spat, some may grow as much as three times more rapidly 
than others nearby. 


Confirming this are these two oysters of the same age from Nyatt Point, 
Naragansett Bay, Rhode Island, which T am now showing you. These oysters 
were on the same bed, subject to the same conditions. The smaller one repre- 
sents a good average for the oysters as a whole which were remarkably uniform 
as to size end shape. The most probable explanation for the much greater 
size of the larger oyster is that it was due to internal factors of inheri- 
tance. Looking closely at these oysters we see that in two of the years 
growth was greater than in the others. In these better years, however, the 
larger oyster made relatively a larger growth than did its neighbors. In 
other words it made better use of the more favorable growing conditions than 
did the other oysters nearby. 


Whet do we know about the factors of size and rate of growth in the 
oyster? In the European oyster, Ostrea edulis, Professor J. H. Orton of 
Liverpool, showed in 1925 that in the Fal Estuary in England 42% of the 
oysters on the beds were of a type recognized as “dumpy". In these the 
growth rings are much closer together, the shell is rough, frequently mis- 
shapen and the thiclmess is appreciably greater due to greater thickness 
of the shells, not to a larger meat. He states that in general such oysters 
are from two to three years older than normal oysters of the same size. 
Because of the prohibition against removing oysters of less than two and one 
half inches from the beds Orton found a higher percentage of dumpy oysters 
among the small oysters under two and one half inches than among those above 
this size. I have recently suggested that one contributing cause to the 
decline in oyster production in the Chesapeake Bay has been the “three inch 
law" in accord with which all small oysters must be returned. Where dwarfed 
oysters are present it follows that their number will steadily increase since 
their slower growth will keep them below three inches longer than required 
for normal oysters. In many cases the dumpy oysters may never exceed three 
inches in length. Owing to the slower growth of the “dumps” a larger pro- 
portion of these was being thrown back on the beds than of normal oysters, 
resulting in almost one half of the oysters being “dumps” at the time of 
his investigation. Remembering that the European oyster carries its larvae 
upon the gills, let me quote from a paper by Professor Orton in 1926. 


"Although the dumps are now seen to be not so good as the others for 
spawning purposes, yet they are only slightly inferior. There can remain 
no doubt, therefore, that dumps are valuable for breeding inasmuch as a 
high proportion yield larvae like normal individuals. We have no means at 
present of ascertaining the survival value of the larvae of the two types 
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of oysters, and on the other hand no substantial reason to doubt that the 
larvae of both types are healthy and will produce spat equally well under 
favorable conditions.” May I emphesize that Dr. Orton judged the spewning 
ability of the dumps solely upon the numbers of larvae on gills which were 
only slightly less than in normal oysters. His conclusion that we have 

"no substantial reason to doubt” that the larvae of the dumps are as healthy 
and will produce spat equally with normal oysters is contrary to everything 
we know in other animals. 


In the European oyster we have the great advantage in that prior to 
being shed into the water the larvae can all be traced back to at least one 
parent, the mother, on whose gills they lie. The fathers are unknown since 
oysters are not self impregnating, but the eggs on the gills are fertilized 
by sperm carried in with the incurrent stream of water. In Orton's observa- 
tions there was an equal chance therefore of sperm from normal and of dumpy 
males fertilizing the eggs of the dumpy mothers. Assuming that Orton is 
correct in his assumption that dumps produce es vigorous lervae as normal 
oysters, it is probable that at least one quarter of the larvae on these 
beds came from parents both of which were dumpy while one half of them had 
either a dumpy father or a dumpy mother. 


It is most unfortunate that Orton did not examine these oyster larvae 
microscopically. In Barneget Bay, where most of my own larval oyster studies 
were carried on, a thriving industry practically disappeared in fifteen years. 
During this period the proportion of slow growing dwarfed oysters, which I 
class with the English dumps, steadily and rapidly increased. Coincidentally 
I began to find many swimming larvae in my collections in which the shell 
showed numerous wrinkles and was greyish rather than transparent. Unfortu- 
nately I did not photograph any of these larvae since at that time I did not 
suspect their possible significance. I have no proof that such larvae came 
from dumpy parents; I can only report their presence correlated with a rapid 
increase in the percentage of dumpy parents on the beds. The larval broods 
which contained large numbers of these wrinkled shelled larvae decreased 
very rapidly in numbers with but a small proportion of them reaching setting 
size. 


In other animals as well as in plants tallness and dwarfness ere in- 
herited as definite characters as are also vigor and rapidity of growth. We 
are justified therefore, in assuming similar inheritance of these factors in 
oysters until definite scientific proof is obtained. 


The rate of growth end the size attained by the Japanese oyster in the 
Pacific northwest is known to all of you. The shells on exhibit show oysters 
eighteen months after their importation as spat to Olympia, “Washington. The 
meats of these same oysters, some of which I shucked immediately upon arrival 
from the west coast, ran eight to the pint, sixteen to the quart, or at the 
rate of sixty-four to the gallon. Dr. Prytherch has called my attention to 
a note by Dr. Bashford Dean in 1903 that he found in Japan, oysters weighing 
with shell four to five pounds not infrequently. Although inferior to the 
best of our own virginica when eaten raw, I am informed that in at least 
two respects they are superior. If cenned when in their prime in May they 


on dusts te arab ag ‘HONGO eien ole 46. Wackpe 0 
ebe shut rat Aerts. ae eie 5 MAD Cera 5 
ee Ran exe. Gis Nat dere vetted Sat plait bt. ou, 3 
. Mody a n ce, ee bed poate, Ona 4 fied 1 175 
ad uae Gy ab dant sn. WE,” arbi aI aL, 
+ wine 4% O's Werth a Ae) aay, asd teat, 
. il Yea om shal N N e a) 


. 
Wee yarn te ar, sat 8 ita st a 
‘eo tied tn oF dood Sysard ad Lhe 

PURE e oe etait gh: Am. yl 

Dehne pie “altia. Oy i ene adi, ; 

wearin ee ed . adnan 0 e U 
‘pen Se: bein Ae en 4884 fone ae. te eon 6 
at tage un, e ee Ces e ee 

‘fener Se dee ace e 8s vaulboug nee te horas Oh 

wins go persed ‘ond , to xe wna bar, Wege d dest gos ; 

. he. ba # ORD, e ewe e de e Re toe e 

N eee yates 50 * 


a! 


e ‘gators naade ee, Fan O20 B age 
See eee dartel Swe e LS Laces, c wee tae 
ane ee he ae Ape ale janis 
ib eee eee e eee ö 
eee i eee ee 
an wif. A ed: at ed * 
aid seat? eee Bet. Ken MEY 
e hb T pty vege Io gone Se o iy 
. ee parted - EL soa? therty- n apa. 
} * el Hes eri. e e whos 


7 PE e IER 9 0. 
e Marten 3 1 


a e 
deutung Hoe x 


wry Py ea i 
ert 146 i dear f 


are reported to be free from the oily rancid taste whieh often develops in 
Our eastern canned oyster. When rolled in dry bread crumbs, sprayed with 
olive oil and baked for five minutes in an oven of 450°F. they emerge brown 
as chestnuts and cooked to a delicious turn in their own steam. For such 
baking, I am informed, the home economics department of the University of 
British Columbia prefers the large Japanese oyster. If it were possible to 
obtain in our eastern oyster the rapid growth of the Japanese oyster it would 
revolutionize our industry. The cattleman takes three years to grow a fifteen 
hundred pound steer for market. The oysterman requires six years, or just 
twice as long, to grow a one ounce oyster. It just doesn't make sense, and 
the time has come when oyster growers and scientists should combine to remedy 
the situation. We know from our studies in Delaware Bay that the survivors 
from the intense sets on the Cape May shore rapidly outgrow oysters from 
elsewhere in Maurice River Cove. Samples on exhibit clearly support this. 
During studies of vater pumping it was found that two-year-old Cape Shore 
oysters could outpump cight and ten year old Barnegat Bay oysters by two 

or three to one, thus giving evidence of their much greater vigor. 


Frequently the survivors each represent the one oyster out of 630 spat 
per square inch which reached the end of the first year. The others were 
erowded out and smothered by their fellows. As yet no one has bred exclu- 
sively from such fast growers and proved that they will pass on this capacity 
for rapid growth to their offspring. May I suggest, however, that the im- 
provement of New Jersey stock over the years following the introduction of 
southern oysters may be due to this very vigor. The imported stock which 
I have seen is mostly bunched with many long "cat tongue" oysters among them. 
#8 such they are of little value as market oysters, but being the survivors 
of heavy sets they may have passed along to their offspring the vigor which 
they themselves were prevented by crowding from exhibiting. 


My only first hand experience with the Japanese oyster was in the early 
nineteen thirties when a bushel of them were tried out in Barnegat Bay in 
the hope of reviving the dying industry there. During the first two weeks 
in the bay they grew nearly three quarters of an inch. Then they stopped 
growing and gredually died over the next two years without showing any 
further signs of growth. It must be noted that salinities here ranged from 
approximetely twelve to twenty as against salinities of over thirty or 
Oceanic saltness on the beds of Japan where Dr. Dean studied them. In addi- 
tion to these low salinities these gigas oysters in Barnegat Bay had to 
contend with the very factors of stagnation and low oxygen which were hasten- 
ing the destruction of the native virginicas. It was, therefore, by no means 
a fair test of their ability to survive in Atlantic waters. 


é#nother oyster in which I am deeply interested is the dustrali en oyster, 
Gryphaea cucullata. My good friend, Mr. T. C. Roughley, undertook to fly 
some to us in New Jersey last October but his plane was delayed in warm 
weather at Hawaii, so the oysters having been out of water for nine days 
without refrigeration were eaten and enjoyed by newspaper men and Others in 
California. Mr. Roughley tells me that all Americans with whom he hes 
talked in Australia claim the superiority of cucullata over our own virgin- 
ica in flavor. 
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What the industry needs at this time is a thorough end unbiased study 
of the more promising foreign oysters together with errorve to hybridize 
them with each other and with our own 2astern oyster. A hybrid with its 
increased vigor should grow to full market size in two years thus enabling 
the oyeter planter to turn his money over three times where now he turns 
it over once. All such work must be conducted with the greatest care in 
enclosed basins in a laboratory whence no enemies nor inferior hybrid oyster, 
if produced, might escape to an oyster bearing region. All waste water from 
tanks holding any foreign oysters must be run into a sand pit whence it wiil 
eater the natural waters only through the sand, or the waste water mus be 
4reated to kill any life therein. Our industry is far too valuable to take 
any chances or to trust to luck. The virtual wiping out of the superior 
European oyster, Ostrea - eu in France by the accidental introduction of 
the inferior portuguese oyster into the Gironde River about 1870 furnishes 
a vivid lesson to all of us. 


The giges oyster has already proved its value in the Pacific Northwest. 
Dr. Prytherch points out that Fisheries Statistics of the Fish and Wildlife 
Service for 1941 shows that from Washington, Oregon and California over 
twelve million pounds of these oysters were hervested in thet vear with a 
value of seventy-five cents per pound as compared with sixty-three cents 
for the small native lurida and forty-one cents for virginica raised out 
there. Such figures do not support the claim of inferiority. ‘There are 
undoubtedly areas of high salinity along our Atlantic seaboard where the 
gigas oyster would do well but where the lack of fresh-water reterds the 
growth and fattening of eastern oysters. We are taking a short sighted 
view of the potential development of our coastal waters if we do not at 
least consider the possibility of introducing into such areas an oyster 
which will thrive there. 


2 Suggested Program 


1. In all areas dependent upon seed oysters produced under the care 
of the state it is urged that spawning sanctuaries be established in proxim- 
ity to the areas to be shelled. To these sanctusries should go the largest 
and most vigorous oysters available. I am recommending in New Jersey that 
the funds available for spawners be spent to buy back from the tongers and 
dredgers the largest and the best of the oysters as taken. <A simple gage 
such as that illustrated at the side table should suffice for obtaining 
these. 4s these sanctuaries are developed their value will be demonstrated 
and year by year the population of superior breeders will be built up. 


2. Where all seed oysters are obtained from private seed beds it is 
urged that when these are at some distance from the planted grounds small 
sanctuaries be established experimentally in close proximity to the shells. 
To these sanctuaries should go the largest end most eee of the oysters 
produced. 


5. I concur fully with the recommendations which Dr. Prytherch has 
elready made with respect to the Pacific or gigas oyster. 
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(a) That we case calling them Jap oysters and thus get away from 
our present natural aversion to everything "made in Japan™. The term 
Pacific oyster is a good one since the little native of our west coast is 
called the Olympia oyster. This would give us in the Pacific oyster the 
natural counterpart of the Atlantic oyster for the species virginica. 


(b) That seed and adult Pacific oysters be promptly shipped to 
our Atlantic and Gulf shellfish laboratories for scientific studies of their 
suitability and adaptability for commercial use on these coasts: 


(e) That test plantings be made on a small commercial scale under 
natural conditions where control or elimination of the imported species can 
be exercised if necessary. 


(4) That a conference be arranged with the leaders in the oyster 
industry and state conservation officials, for a critical discussion of 
this issue with a view to permitting importation of Pacific oysters under 
control. 


To the above conference I would ask that there be invited Dr. Radcliffe, 
Mr. Wayne Heydecker of the Atlantic Coast Fisheries Commission and those 
Scientists who are in a position to throw light upon the discussion. I 
should like to include elso Dr. C. Roy Elsey of British Columbia who combines 
technical scientific knowledge with extensive experience in handling the 
Pacific oyster. I ask also that consideration be given to other foreign 
Species especially the European oyster, Ostrea edulis, and the Australien 
oyster, Grypheea cucullata. With its spawning temperature 5°C. below that 
of the Atlantic oyster, edulis might well be the answer to our need of an 
oyster for the northern coastline. 


To those who rightly fear uncontrolled importation of foreign shellfish 
I commend our New Jersey law which for thirteen years has given us complete 
protection but which gives the widest possible latitude for importation of 
foreign shellfish for scientific study under license of the Division of 
Shellfisheries of the State Department of Conservation. 


In conclusion, oysters are a delicious, nutritious, health-giving food 
but their cost interferes with their becoming a common article of diet. 
Every year that can be cut off from the time required to raise them will 
materially reduce that cost. Science has given the oyster grower a depend- 
able source of seed. The next two most important problems - fattening and 
more rapid growth await scientific study and solution. I have faith that 
both will yield to attack by research and that newer, better and fatter 
oysters await us in the not-too-far-distant future. Whatever the outgrowth 
of our deliberations here today the crying need of the world today for 
food leaves no room for less than the maximum development of our coastal 
waters for the production of seafood. To that task we dedicate ourselves. 
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OBSERVATIONS OF JAPANESE OYSTER CULTURE 
IN THE STATE OF WASHINGTON 


A. E. Hopkins, Aquatic Biologist 
U. S. Fish and Wildlife Service 


For about seven years I was rather closely associated with the oyster 
industry in Puget Sound, Grays Harbor, and Willapa Bay, and had an oppor- 
tunity to observe the rapidly developing Japanese oyster industry on the 
Pacific Coast. It has been about ten years since I left that region, but 
I wes able to see this new species in its relatively early stage of impor- 
tance as a commercial fishery venture. 


A group of Japanese first introduced Japanese seed oysters into Samish 
Bey, a portion of Puget Sound, in about 1905. At that time there was no 
control over importation, or inspection of the seeds, which had been caught 
on either shells or brush. This company operated for a number of years on 
bottoms which had formerly been used for the production of Olympia oysters 
and for the bedding and fattening of eastern seeds brought in from Long 
Island Sound and adjacent sreas. 


In the early 1920's the Japanese company was teken over by an American 
company, and for several years small annual importations of seeds were made. 
I do not believe that, on the market, eny distinction was made between the 
oysters grown from Japanese seeds and eastern oysters fresh shipped from 
the East Coast, or those grown from the seeds brought from the East. 


However, it was well demonstrated that the Japanese species thrived, 
and certain business men in Japan recognized the possibility of raising 
seeds for export to the United Stetes. In about 1928 various /merican 
companies in association with Japanese seed oyster producers started a 
rather tremendous seed planting program, particularly in Puget Sound, 
Willapa Bay, and Grays Harbor. It may be imagined that various promoters 
sold, at fabulous prices, large areas of previously non-productive bottom 
to the public. Such ventures, although they may have been designed to make 
profits from investors rather than from oysters, resulted in importat ions 
of seeds from Japan emount ing to about 75,000 boxes of seeds per year during 
the early 1930's. 


During the time of which I speak, the seed oysters were shipped in 
boxes containing about two cubic feet of shells on which the young oysters 
were growing. The spat ranged from about one-eighth to one-half inch in 
diameter, and I believe the Japanese producers were conservetive when they 
guaranteed a minimum of 10,000 seeds per box. The price at that time ranged 
from $2.50 to $3.00 per box. 
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The Japanese method of stringing shells on wires and suspending them 
from racks to catch the seeds is probably well known to you. It is claimed 
ody the seed producers that this method prevents the inclusion of predators, 
although one may be sure that there is no certain method of eliminating 
completely the possibility of importing a few such organisms. 


It was very surprising to me to see how well those small spat lived 
through two or three weeks of travel, on the deck of freight ships across 
the Pecific, and also how rapidly the young oysters grew after being planted 
on virgin ground. They were planted on all types of bottom, from extremely 
soft mud to hard sand, but in almost all cases, they thrived to such an ex- 
tent as to make increased importations at this low price economically feasible. 


It must be borne in mind that our Pacific Coast previously had not pro- 
duced oysters in any significant quantity with respect to the total oyster 
production of the Atlantic and Gulf Coasts. Our East Coast oyster had been 
tried for many years in various places and had not propagated on a commercial 
scale, except in one or two very small places, such as the mouth of the 
Naselle River, which empties into Willapa Bay. For that reason the fishery 
industry on the Pacific Coast had little to lose by importing a foreign 
species. In fact, it had much to gain as shown by the fact that in 1942 the 
pack of steam-canned oysters on the Pacific Coast amounted to approximately 
one-fourth the total steam-canned pack of the United States. 


At first, with limited planting of seeds, the Japanese oysters grew at 
a tremendous rate so that within one year after the seeds were planted the 
oysters would produce meats at the rate of about one gallon to the bushel. 
During the second winter those same oysters would measure from six to fifteen 
inches in length, having a very deeply cupped shell holding a large--sized 
meat. In almost all cases the Japanese oyster is rather thin-shelled and 
deeply cupped. However, on hard bottom, it was often noted that the shells 
were much thicker and harder. 


It was consistently noted by oyster growers that with increased quan- 
tities of seeds planted, growth and fattening became much slower. I might 
cite the case of a company operating in Padilla Bay, a portion of Puget 
Sound, which planted about 400 boxes of seeds on virgin bottoms in 19350. 
Within two years these seeds had grown to a very large size and the meats 
were rich and fat. Then the company started an intensive promotion by 
selling ground to the public to be planted by the company end harvested as 
a unit. During the next three years approximately 100,000 boxes of seeds 
were planted and arrangements made with a canner to handle the product. So 
far as I know, this company was never able to put any canned oyster products 
on the market except oyster soup, because the oysters not only grew very 
slowly but they failed to fatten like the original samples. This would sug- 
gest that there is a limitation on the number of oysters which any piece of 
ground or body of water may nourish and support. 
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The above instance may not be significant, for it was claimed that a 
pulp mill in the vicinity may have been responsible for the poor oysters 
due to discharge of waste materials. However, the same has been found to 
be true in the Willapa Bay area where it has been definitely noted by every- 
one thet oysters more recently planted, since the bay has become wel. l popu- 
lated, do not grow at the rate of the original sample plantings. This may 
not be considered a disadvantage in every respect, since the early experience 
of many of the growers was that if they could not harvest the oysters when 
they reached the right size, the oysters would be too large for market 
during the following season. 


Culture of the Japanese oyster on the Pacific Coast is in a transition 
stege, for it is attempting to become independent of the necessity for im- 
porting seeds from Japan. This spscies has apparently become adapted to 
environmental conditions in this country and, in at least a few places, has 
been propagating for several years on a commercial scale, particularly in 
certain portions of Puget Sound and Willapa Bay. In 1935 and 1936 the 
shores of parts of Puget Sound, such as Quilcene Bay, were completely covered 
with young Japanese oysters. In that region the shore line consists of peb- 
bles which are exposed at low tide. Japanese oysters are very resistent to 
climatic conditions and are able to withstand exposure for long periods, 
both to drying in the sunshine and to freezing in the winter. That there 
has been a considerable amount of propagetion is demonstrated by the fact 
thet the war and the cessation of seed importetion only slowed oyster pro- 
duction on the Pacific Coast. 


In one portion of Willapa Bay there is still a small population of 
Eastern oysters which are the off-spring of stock originally imported from 
this coast. Frequently oyster growers heve shown me oysters which they 
considered to be hybrids of the Japanese and American species. However, 

I was never able to be sure that such was the case, although I well recog- 
nize this possibility. In view of Dr. Galtsoff's findings that the two 
species will cross-fertilize, I should not be surprised if a hybrid would 
eventually be produced. According to available biological information, in 
the laboratory experiments the Japanese oyster required a higher temperature 
than the Eastern oyster in order to spawn. I found that at some times 
Japanese female oysters will spawn at temperatures as low as about eight 
degrees centigrade, or about fifty degrees F. With this in mind, I think 
we should be well aware of the probability that, if the two species are 
reasonably close together, cross~fertilization may take place, and that we 
do not know what the resulting oyster might be. 


{Two varieties of the Japanese oyster, elthough presumably the same 
species, have been used on the Pacific Coast. The variety of which I have 
been speaking grows in Northern Japan and the seeds are caught in the 
Matsushima region where the water is relatively cold. The seeds ere caught 
during the summer, and by the following spring when they are shipped to 
this country, they are not more than one-half inch in diameter. The other 
variety is grown in the region near Hiroshime in Southern Japan, in warm 
water, so that the seeds caught during the summer are already an inch-and- 
a-half or more in diameter by the following spring when they are shipped. 
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These Hiroshime oysters look very different from the others. They are round 
and very deeply cupped so that many seemed to be almost spherical, like a 
walnut, for exemple, The mortality during shipment has been found to be 
much greater than that of ths smaller Matsushima seeds. It has also been 
noted that growth is very much slower and that they néver achieve the large 
size of the other variety. I mention this Hiroshima oyster because I be- 
lieve if experiments are to be made on the importetion of the Japanese 
oyster to the East Coast, special attention should be paid to this variety. 


During my experience on the Pacific Coast I noticed only one enemy 
which had been imported with the seeds. This is the Japanese oyster drill, 
Tritonelie japonica. This drill is definitely very violent and dangerous, 
for, perviculerly in Samish Bey, I found a tremendous mortality due defi- 
nitely to driliing by this snail. I have also found this seme snail in 
southern Puget Sound on Olympia oyster grounds where some Japanese seeds had 
been planted. At the time I left the State of Weshington, very few were to 
be found in Willepa Bay, and it may be that salinity in that bay is low 
enough to prevent them thriving. 


If experiments are to be carried out on the possibilities and potenti- 
alities of the Japanese oyster on our Atlentic and Gulf Coast, I should 
recommend thet the work be done in such a manner that the overflow water 
in which they are kept be sterilized, or filtered, before entering any of 
our naturel waters. If fertilized eggs, or developing larvae, should 
escape and attach and grow in such a manner as to endanger the great cast- 
ern oyster industry, which we have had for many years, it would be about 
as impossible to control them as it is now to control the ship worm, star- 
fish, drill, and other similar pests. By importing those foreign species, 
the Pacific Coast had little to lose and everything to gain. By contrast, 
the East Coast may gain, but it could lose one of the greatest fishery in- 
dustries in the world. 


Small plantings of Japanese seeds on the Gulf Coast have not resulted 
successfully enough to warrant optimism, although it mey well be possible 
that in the colder waters of the North Atlantic Coast the results might be 
different. The Japanese oyster is biologically similar to the American 
oyster, and hybrids might presumably be obtained. One mey be en optimist 
and assume that the hybrid oysters would combine the better qualities of 
the two species, but should this hybrid merely blend the unf avorable quali- 
ties of the two species, a very severe damage to the oyster industry would 
be produced. Several years ago Dr. Galtsoff very definitely warned the 
industry to avoid importing this species, and my experiences lead me to 
state that I think his warning was very opportune and very correct. 
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GROWTH OF OYSTERS OF DIFFERENT AGES 
IN MILFORD HARBOR 


Victor L. Loosanoff, Director 
Fish and Wildlife Service Biological Laboratory 
Milford, Connecticut 


The success of oyster farming, so widely practiced in the waters of 
New England and New York, depends chiefly upon growing small “seed” oysters 
to marketable size. This size is usually reached four or five years after 
the oyster larvae attach themselves to the cultch and metamorphose into 
juvenile oysters which the oystermen call set“. 


So far little has been done to ascertain the increase in size and 
volume of oysters during eech year of their existence from the tine of set- 
ting until the age of 5 years or more is reached. In reviewing the 1: 5 2 
ture on this sublect one is impressed with the fact that the majority of the 
attempts to study the growth of oysters was of very short dura‘ion, usual ly 
of a few months. and of à ~ether limited scope. The longest period devoted 
to such observations was approximately one year. As e rule, the studies 
were confined to grovps of the seme age, and no distinction between the rate 
of growth of different age-classes was attempted. 


Thus, although the field offers a very large number of unanswered prob- 
lems the solution of which may be of considerable practical interest, very 
limited progress has been made in studying the growth of cysters. Therefore, 
to obtain necessary knowledge on growth, certain phases of which woui.d pro- 
vide a sound basis for estimation of the increase in size and volume from 
year to year, extensive studies have been carried on at Milford Laboratory 
since 1940. Because cf limited time only certain aspects of the stucies are 
discussed in this article. A more comprehensive description will be puo- 
lished later in a scientific journal. 


I am taking this opportunity to express my thanks to Mr. James B. Engle, 
who until his transfer to enotber assignment assisted in the early stages 
of this investigation, and to Mr. Charles Nomejko, who for the last few yeers 
has been extremely helpful in conducting a number of growth experiments and 
in tabulating the data obtained during the entire course of this work. 


The experiments were conducted in Milford Harbor, Connecticut. Five 
groups of oysters of different ages were collected from the beds of Long 
Island Sound and brought in for initial examination and measurement in early 
April 1940 (Table 1). Each group consisted of at least 125 individuals. 

The youngest group was composed of small oysters which set during the summer 
of 1939, therefore having grown only one season before having been used in 
the experiments. The oysters of the 1938, 1937 and 1956 year-classes had 
lived through two, three and four growing periods respectively. The group 
which was designated as the 1935# year-cless consisted of oysters which had 
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TABLE 1 


MEAN LENGTH, WIDTH AND DEPTH OF OYSTERS OF FIVE DIFFERENT YEAR-CLASSES 
AT THE END OF GROWING PERIODS OF 1% 0, 19/,1 and 1942, MILFORD HARBOR 
(measurements in mn.) 
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INITIAL ae 1 
ates SPRING, 1940 AUTUMN, 1940 AUTUMN, 1941 AUTUMN, 1942 


e Age L. M. D. Age L. M. D. Age L. We D. NC es ali. W. D. 
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lived at least through 5 growing periods. Their age varied from 5 to 10 years. 
The majority of these individuals was 6 years or older. Such a heterogeneous 
age-group was formed to study the growth of a mixed population of old oysters, 
which are usually used for stocking spawning beds. 


In these studies the age of the oysters is based upon the number of 
growing periods completed. In Connecticut waters the period extends from 
the latter part of April to early November. Since in Milford Harbor and 
Long Island Sound e new generation of oysters usually appears in the middle 
of summer, its first growing period, confined between the date of setting 
end the beginning of hibernation, is shorter than subsequent ones, when 
growth continues from spring until autumn. Nevertheless, the first growing 
season, even if it is of short duration, will be regarded here as a complete 
one. Therefore, the oysters which have completed their first growing season 
will be considered here as one year old; those that have completed two grow- 
ing seasons, two years old, etc. This method of age classification may be 
different from that employed by some oyster growers who consider the oysters 
which have completed their first growing period as “set”, those which have 
completed their first and second growing periods as only one year old, etce 
In such instances the age estimates of the oystermen will be one year behind 
ours. This discrepancy can be simply adjusted for the convenience of the 
oystermen by subtracting one year from our age figures. 


In preparing the oysters for the experiments their shells were cleaned 
of all foreign growth and then the greatest length, width and depth of each 
individual were measured with the aid of calipers. Measurements were ex- 
pressed in millimeters. Later, the volume was ascertained by using the dis- 
placement chamber method. 


After the oysters had been measured they were placed in large wire 
baskets, which were suspended from a float anchored in the harbor. Each 
year-class was kept in a separate basket. annual determinations of the 
increase in size were made each autumn when the growing period was over 
end the oysters were entering the hibernation stage. 


The initial measurements mace at the beginning of the experiment, in 
#pril 1940, showed that the most significant difference in sizes existed 
between the youngest year-class (1939) and the class composed of animals 
one year older (Table 1). The difference diminished when the older groups 
were compared. 


In the two youngest groups the difference was especially pronounced 
in the case of depth, or thickness. The mean depth of the 1939 class wes 
only approximately 3 millimeters, as compared with 20 millimeters shown 
by the group only one year older. Thus, the mean depth of the older (1938) 
age-Class was almost seven times greater, while the mean length and width 
of the same year-class were only about three times as great as those of the 
younger group. Obviously, during the first growing period the increase in 
length and width progressed at a much more rapid rate than the increase in 
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depth. During the second period, however, the increase in depth proceeded 
at a comparatively greeter rate than that of the length or width (Tables 1 
and ihe 


TABLE 2 


PERCENT INCREASE IN MEAN LENGTH, WIDTH AND DEPTH OF OYSTERS 
OF FIVE DIFFERENT YEAR-CLASSES DURING GROWING PERIODS OF 1940, 1941 and 1942 
MILFORD H..RBOR 


INCREASE INCREASE INCREASE 
YEAR- AGE _ DURING 1940 Ss DURING 1941_ DURING 1942 


. Age IL. W. D. Age L. VV. D. Age Lo Ww. D. 


1959 1 year ? 8 45 38 30 4 10 6 15 
1938 2 years Oo Sou too) joo  & 1 AS) 1 5 9 6 9 
1937 3 years A AES Ae, DB. 5 „ 8 10 6 9 
1956 4 years 5 9 8 6) 46 Ee eS)! Oey; 8 8 5 
1935+ St+years 68 7 8 2 a A eS See 95 4 5 


During the first season of observation the greatest percentage increase 
in size was shown by the youngest (1939) year-class which was then completing 
the second growing period of its life. This increase was 205, 221 and 567 
percent for the length, width and depth respectively (Table 2). It was sev- 
eral times greater than the percentage of increase recorded for the 1938 
class. In the latter case the increase in length, width and depth was only. 
57, 53 and 33 percent respectively. In comparing these two groups it is 
interesting to note once more that the increase in depth of the younger year- 
class proceeded more rapidly than that of the length or width. 


The three older year-classes, including the 1935* group, also showed 
an increase in all three dimensions. However, the percentage of increase 
became progressively smaller as the age of the oysters increased. 


A the end of the second vear of observation, 1941, the most outstand- 
ing fact noticed was a pronounced decrease in the rate of growth of the 
1929 year-class which had just finished the third growing season. While 
during the preceding season the increase in length of this group was 205 
percent, it was now only 45 percent (Table 2). A similar decrease was also 
noted in the case of the width, while in the case of the depth it was even 
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more sharply defined. Obviously, during the second year the rate of growth 
was much more rapid than in the third growing season. 


The oysters of the classes older then the 1939 group also showed a 
continued growth during the second season of observation. However, in all 
cases their relative rate of growth was slower than that of the younger 
animals. As observed during the preceding year, the percent increase in 
size decreased with the advancing age of the oysters (Table 2). 


During the third and last period of observation, which included the 
spring, summer and autumn of 1942, all the year-classes showed a further 
increase in size (Tables 1 and 2). However, in the case of the two youngest 
groups the relative rate of growth was much slower then in the preceding years. 


at the end of the experiment the age of the oysters constituting the 
oldest age-class ranged from 8 to 13 years. Examination of the largest in- 
dividuals of this group showed that they, too, had formed a new shell growth 
during the last summer of observation. Evidently, even those old oysters, 
which were completing the 13th year of life, still continued to grow. 


In reviewing the experimental data attention may be called to a simi- 
larity of the mean dimensions reached by the different groups of oysters 
upon attaining the same age. For example, during this study four different 
groups were at some time four years of ege (Table 1). The mean length of 
all these groups at the age of four was very close to 90 mm.; the mean width 
varied between 64 end 68 hm,, whereas the mean depth was from 50 to 33 um. 
In the case of the groups reaching the age of 2, 3, 5 or 6 years similar 
conclusions could be formed. It was also noted that the oysters of the 1936 
year-Class, upon reaching the age of seven closely resembled in their dimen- 
sions the measurements of the 1935# class made at the beginning of the ex- 
periments, when the average age of the latter group was also approximately 
7 years. 


Perhaps the most significant part of our studies was that devoted to 
observations on the increase in the volume of the oysters from year to year. 
Both Milford Harbor and Long Island Sound oysters were used. The Sound 
oysters were supplied through the courtesy of Mr. Charles Wheeler, Manager 
of the Connecticut Oyster Farms, from the beds where oysters of known ages 
were kept. In comparing the mean volumes of Milford Hysvers with those of 
others of the same age a very close similarity was noted. 


By volume determinations it was ascertained that the youngest year-class 
showed a relatively greater increase in volume than any other group (Table 3). 
The average volume of the animals representative of that class increased from 
0.4 cc. to 19.5 ce. during the second growing period of their existence. 

This represented an increase of 4775 percent, indicating that during the 
second year of their lives the oysters may inereese in volume almost 48 times. 
Thus, if they were grown under such hypothetical conditions where no mortality 
among them would occur, a bushel of culled single oysters planted at the end 
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of their first growing period would yield more than 47 bushels one year 
later. By the end of the fourth growing period their volume according to 
our estimates would show an increase of 16,500 percent. 


As shown in Table 3 a comparatively large relative increase in volume 
was also shown during the third year of life. This increase averaged ap- 
proximately 150 percent over the initial one recorded at the age of 2 years. 
an increase in volume was also noted in the case of all the other year- 
classes, but the proportional or percentage gain became smaller as the age 
of the oysters increased (Table 3). 


TABLE 3 


AVERAGE PERCENT INCREASE IN VOLUME OF OYSTERS OF DIFFERENT AGE-GROUPS 
IN ONE AND IN THREE GROWING SEASONS 
AVERAGES BASED ON DATA FOR MILFORD HOUR OYSTERS 


GROWING SEASONS PERCENT INCREASE GROWING SEASONS PERCENT INCREASE 


(Age in Years) IN ONE SEASON (Age in Years) IN THREE SEI SONS 
Between 1 and 2 4775 eyo 16150 
„ 130 3, 4, 5 300 
N 44 1 185 
" 8 39 By ie 7) 108 
* s 25 -- —.— 
. eee 21 -- -- 


The figures given in Table 3 are based upon the data obtained during 
certain phases of the growth studies of Milford Harbor oysters. These fig- 
ures, of course, should not be considered as fully applicable to every 
locality where the oysters are grown. It also should be remembered that 
during some years the rate of growth may be somewhat slower or faster than 
during others. Finally, it may be pointed out thet the percent of increase 
in volume between the ends of the first and fourth growing seasons will be 
greatly influenced by the time of the year the oysters first set. If the 
setting occurred early in the sumier and the set grew well, the percent of 
increase in volume between the end of the first growing period and the end 
of the fourth may be substantially smaller than shown in our table. On 
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the other hand, if the oysters of the late September set are taken as 2 
group to begin with, their increase in volume during the next three growing 
Seasons may even be greater than shown in Figure 3 for the youngest age- 
group. Nevertheless, regardless of possible wide variations the fact re- 
mains that the increase in volume during the second year of existence is 
proportionally far greater than during the following years of life. 


It is obvious that under natural conditions it would be impossible to 
achieve such high yields as heve been indicated in our experiments, where 
it was shown theoretically that the volume of oysters, planted after the 
end of their first season of growth and gathered at the end of the fourth, 
may increase 16,150 percent. Nevertheless, we must admit that the present 
yields are extremely low. The experience of the oyster growers shows that 
only under very favorable conditions may one expect to gather 4 bushels of 
4-year-olds for each bushel of l-year-olds. It is more common, however, 
that the yield is only 2 or even 1 bushel of marketable oysters per each 
bushel of seed planted. Thus, instead of the theoretically possible 161 
bushels or more the oyster farmers get only from 1 to 4 bushels. 


The above given figures indicate very emphatically that the cultivation 
of oysters as it is now practiced is far from reaching its ultimate goal, 
and that considerable improvements in the methods of cultivation are de- 
sirable. Obviously, the industry which produces only a small fraction of 
what it may produce should attempt to ascertain and, if possible, eliminate 
various factors which so effectively keep the yield at a very low level; 


The question that naturally arises is what are those factors. The 
answer can be given only after systematic prolonged studies are made by 
combining the efforts of the biologists and the oyster growers. At this 
time we are well aware of the fact that in some areas starf ish and drills 
kill a lerge percentage of oysters. However, in many other instances the 
heavy mortality rate cannot be attributed to these two enemies. Yet, be- 
cause of the lack of direct observations and studies, we may only speculate 
as to the enemies or conditions which so profoundly affect the survival of 
the oysters. Obviously future studies are necessary to clarify many aspects 
of this interesting and extremely important problem. However, because of 
the complexity of the problem it cannot be solved if we give it only casual 
attention by examining a few samples on infrequent occesions. The study 
should begin as soon as the oysters set and steadily continue through a 
period of four or five years until the oysters are ready to be marketed. 
Detrinental effects of and mortality caused by dredging, mopping and shifting 
are to be determined, while ecological conditions should be studied in as 
much detail as possible. 4 program of this type will require the efforts 
of several investigators and the full cooperation of cyster growers, but it 
will undoubtedly provide very valuable information which should result in a 
significant increase in the production of oysters. 
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Cases of unusually high yields, nevertheless, are known in the history 
of oyster cultivation. For example, one incident of this nature was described 
in a letter to the author by the manager of one of the New England companies. 
It was stated that in 1906 an oyster company located at Wickford, R. I. 
planted 200 bushels of three-month-old oysters gathered from lot 607 near 
Milford, Connecticut in Long Island Sound. Four years later when the pianted 
oysters were dredged their volume amounted to 2,200 bushels. Thus the yield 
of 11. bushels for each bushel of set planted appears to be possible if con- 
ditions are favorable. 


In the course of these studies it was determined, by ascerteining the 
actual volume of the oysters filling a bushel, that only approximately from 
48 to 54 percent cf the space in the container was taken up by the oysters, 
whereas the other part consisted of voids formed between them. Groups of 
oysters aged from 1 to 5 years were used in these determinations but no cor- 
relation between the age-groups and the percent of actual space occupied 
could be found. Therefore, if the capacity of a bushel is equal to 35,238 
cubic centimeters, only approximately one half of its volume, or 17,619 c., 
would actually contain oysters. Using the figures for the average volume of 
oysters of different ages, as determined by the studies in Milford Harbor, 
it was possible to calculate the approximate numbers of oysters of a given 
age per bushel. These numbers eppear to be 44,047; 801; 383; 271 and 198 
for oysters of the 1, 2, 3, 4 and 5 year-classes respectively. In the case 
of deep water oysters, where the rate of growth is slower, larger numbers 
of individuals of corresponding ages would be needed to fill a bushel. 


In connection with the discussion it should be remembered thet all ref- 
erences to bushels or any other units of volume are made here on the basis 
that only single culled oysters were used in these deterninat ions. The 
presence of shells and other foreign material would, of course, decrease the 
number of oysters per bushel. 


Returning again to the growth studies of oysters we may discuss the 
possibilities of applying some of the results to practical use. Of consid- 
erable importance is the observation that during their second year of life 
the oysters increase in volume proportionally much more rapidly than during 
later years (Table 3). Obviously it is of more advantage to oyster growers 
to purchase and plant this age-class in preference to any older group, even 
if the mortality is relatively higher. 


N The planting of oysters that are two years old also appears practical 
because during the next growing season they may more than double their volume, 
and at the age of five years yield epproximetely 3 bushels ver each bushel 
planted provided, of course, thet the mortality rate is kept at a low level. 
In practice, however, it may not be often achieved. 


Oysters 3 years and older also continue to increase in Volume, but such 
an increase proceeds at a comparatively slow rate. Therefore, the growers, 
who intend to plant older oysters should carefully evaluate whether the 
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increase in volume would compensate for the losses due to neturel mortality, 
and the mortality which is caused by injuries sustained during the dredging 
and planting operations. : 


Finally our figures may serve as a criterion for comparing the yields 
from different beds with theoretically possible maximum production. This 
will enable the oyster growers to appraise critically the relative efficiency 
of their methods of cultivation. 


another aspect of our studies that may be of interest to the oystermen 
engaged in the shucking of oysters is that devoted to the determination of 
the average total weight, weight of shells and weight of meats of the cysters 
of different groups the age of which ranged from 5 to & years. 


The results of the study showed that the average total weight of the 
oysters at the end of the third growing period was only 73 grams, wheres at 
the age of seven it was about 216 grams. The average total wer ent of the 
oysters constituting the age-class designated as 8d years and including 
specimens between 8 and 13 years of age, was slightly over 280 grams. The 
average weight of shells for 3 and 7-year-olds was 50 and 167 grans respec- 
tively. 


The average weight of meats varied from 10.1 grans for the 3-year-old 
animals to 22.1 grams for the 77-year-old group. It should be remembered that 
since the oysters were examined in November, the time of the year when large 
quantities of glycogen were already accumulated and stored in their bodies, 
the meats were larger and heavier than at some other period of the annual 
cycle, for example, soon after the completicn of spewning when the meats are 
usually very poor. 


With the increase in age, the weight of meats became proportionelly 
smaller, whereas the weight of shells gradually increased. In the youngest 
year-class especially kept for this study and which at the time of examination 
hed completed their third growing season, the meats constituted 13.7 percent 
and the shells 67.6 percent of the total weight. In the case of the yeer- 
class composed of oysters from 8 to 13 years old, the weight cf meats con- 
stituted only 10.1 percent of the total weight, while the weight of shells 
rose to 80.3 percent. Examination of the data for the intermediate year- 
classes showed a general trend toward a decrease in the percentage weight 
of meats and increase in the percentage weight of shells with advancing age. 


The data offered here represent the results of observations on the 
growth of oysters (Q. virginica) of different ages in Mi.ford Harbor and to 
some extent in Long Island Sound. Since our observetions were con ined to 
a limited locality only, the conclusions formed cannot be considered as 
applicable to the oyster populations of all other areas where those animals 
exist. It is thought nevertheless, that the results of our experiments may 
be used as a criterion for the growth of oysters of a rather large geosranh- 
ical district, including the shore waters of the Stete of New York and of 
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New England. Although it is quite probable that the absolute growth in the 
different sections of this district mey show certain variations, the relative 
erowta, vepresenting proportional or percentage gains at each age, would 
probably closely resemble that observed in our experinents. 


Ota Grade edt tele „Lende 
eee eee pode ven 
he fond te, a „ nas x00 50. 

Ie terre FM, eh. 


fl 
ii i 
‘ay 
i 
\ 
1 ay! 
i 
1 1 . i 
1 ¥ 
M 7 19 } 1 
1 if 
MY . i hy yt 
f i 2 
a 
5 4 ; ' 
i 
fF 
a | 
, i ; 
SVR Gal 
ST | Lian i 
1 
eee be 
: vm i 
Vee wl 3 
7 1 
l 
Ais) Puan * 
94 0 
* N née 
Pe ‘ { 
t 
; ' 
vi) i 
6 Ak 
{ \ 
KE 1 0 i 
* Ti 
. 
AY wih i 
LA 
} 1 I J 
\ 
1 , N 1 


SOME OBSERVATIONS ON THE FEEDING OF OYSTERS 
WITH ESPECIAL REFERENCE TO THE TIDE 


A. F. Chestnut 
New Jersey Oyster Research Laboratory 
Rutgers University 


Growth and fattening of oysters can be said to depend primarily upon 
many factors in the environment, all of which have a part in regulating the 
feeding mechanism (Nelson, Martin, Galtsoff, Hopkins, Berkely and others). 
The quantity and quality of the food in the surrounding waters produce the 
desired results after active feeding commences. Feeding has besn shown by 
Nelson to be closely correleted with tidal cycles, with active feeding 
taking plece on the flood and ceasing during the ebb tide. Loosanoff and 
Nomejko, however, concluded recently that under favorable conciticns in 
Long Island Sound, tidal changes do not affect the rate of feeding. Their 
results, then, do not Iend support to the theory that oysters are relatively 
inactive during the ebb tide. 


Random examinations of oysters in Delaware Bay showed some discrepan- 
cies when attempts were made to correlate feeding activities of the oyste 
with tidal cycles. Such variations were found as oysters with full stomach 
contents during the ebb tide and oysters with empty stomech contents during 
the flood. The contents of the stomachs were withdrawn with a pivette as 
described by Nelson then examined with the aid of a microscope. Comperi-- 
sons of numbers of stomech contents examined by this method showed a decided 
difference between the oysters dredged during the late flood and those dredged 
during the late ebb, although to the naked eye some of these samples appeared 
the same rich brown color. 


The typical stomach contents of an oyster dredged during the late flood 
tide consist of a fairly large emount of dark, opaque matter suth as sand 
grains, plant cells and detritus. The diatoms usually contain chloroplasts 
and from ell appearances are undigested. The typical stomach conten*s of 
an oyster dredged during the early ebb tide contain fewer sana grains and 
evidence that a sorting of material has taken place in a few hours ‘ime. 

The diatoms ere nearly all digested and the cell contents heve probably 
gone into solution thus giving the stomach contents their brown color. 


In studying the problem from a different approach it was found that 
oysters when kept out of water from two to six days in a cool place upon 
examination, instead of finding the animals starved as was enticipated, the 
stomach contents were dark.in color. One such oyster was found with its 
digestive crypts full of oi]. globules, presumably of diatom origin, which 
stained readily with Sudan IV. Occasionally an oyster was opened which when 
cut through the stomach, the contents gushed out freely as some oysters do 
when opened immediately after dredging. Many of the diatoms in these stomach 
contents were unchanged end had not been digested. The contents of oysters 
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kept out of water for as long as nine days at air temperatures of from 50° 
to 60° F. differed only in becoming very viscid. It would not be wise to 
draw any definite conclusions since these studies are still in their prelim- 
inary stage but at present it appears that when an oyster which is actively 
feeding and with full stomach contents, is removed from the water, digestion 
ceases upon the dissolution of the style. The data from such oysters kept 
out of water and from actively feeding oysters dredged at all stages of the 
tide indicate that digestion continues at a fairly rapid rate in oysters 
which are passing water through their gills. 


Some of the stations in Delaware Bay and its tributaries used in the 
routine collections of samples were selected as locations for further studies 
of feeding activities. At hourly intervals, approximately fifty oysters were 
dredged and examined through portions of the tidal cycle, with emphasis on 
the ebb tide. The oysters when opened were separated into one of six groups, 
based on the color and condition of the style or its absence and a rough 
estimation of the quantity of stomach contents. Since Nelson has shown that 
the style is built up when the animal begins active feeding, and Martin 
stated "that the style is of very considerable value as an indication of 
feeding, not only on the basis of its presence or ebsence, but also on.. 
its varying color and consistency” the presence of the style as a criterion 
of feeding is justified. 


The results from three different areas sre presented in the following 
tables (#11, #6A4D, #13). The three columns on the left indicate the nydro- 
graphical conditions. In the right hand column, the dark brown firm style 
and full stomach contents indicate active feeding. The pale brown fim 
style and presence of food are interpreted as the beginning of feeding during 
the flood or the first signs of cessation of feeding at the first of the ebb. 
The pale brown soft style is a further indication of cessation of fecding 
on the ebb and probably the first sign of active feeding during the flood, 
(see table #11, 4 hours flood). Some overlapping may occur between the pale 
brown styles for some cases are not clear cut. The white style and the ab- 
sence of styles are interpreted as complete cessation of feeding an hour or 
more previous. 


Station #11 is at the mouth of Maurice River, an area where oysters 
rarely grow to market size because of the prevailing low salinities. The 
oysters are typical low salinity oysters characterized by their thin, white 
shells and stunted growth. These oysters ere tonged and sold for seed. The 
results at this station show that active feeding ceases et low water, with 
the greatest percentage of oysters with no styles end no food occuring soon 
after low water. Salinity is, no doubt, the factor influencing feeding in 
this area. 


Station #6AD is located in the third reach of Dennis Creek, en area re- 
served for the tonging of market oysters. Large, well-shaped oysters are 
found here usually in a good condition and sold by the tongers to the 
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shucking houses. In this area we also find that as low water is approached 
there is a uniform response to the decrease in salinity with the complete 
cessation of feeding activities. 


Station #13 is in the privately leased area of Delawere Bay, located 
offshore in one of the best growing and fettening regions. In this table 
the discrepancies mentioned at the beginning become evident when large num- 
bers of oysters are opened in a series rabher than rendom samplings. Here 
the saiinity and tempereture hee changed very little yet a decided differ- 
ence is noted between the percentage of oysters feeding at high water and 
those feeding during the ebb tide. 


In view of the light that Nelson's work was carried on in a tidal creek 
where the salinities approach the minimum for oysters, the results in the 
first two tables (#11 and #5AD) are in accord and support his findings as 
well as his conclusions, mat in New Jersey oysters are relatively inactive 
during the ebb tide. Studies have not been made in the higher salinity 
ranges but on the basis of the findings at station #13 more diverse results 
would be expected. It is possible, therefore, that the difference between 
the findings of Nelson in New Jersey and those of Loosanoff and Nomejko in 
Long Island may be due to the difference in salinity of the two areas. 
Nelson's observations were in waters of optimum salinity and below, whereas 
in Long Island the salinity is at the optimum and above. 
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TABLE 11 


PERCENTAGE OF OYSTERS WITH FOOD AND STYLES THROUGH A PORTION OF A TIDAL CYCLE 
MOUTH OF MAURICE RIVER, MAY 8, 1946 


; Pale Br. ; 
Temp. Sal. „ No Style No Style White Soft Style srt Style Pale Br. Firm park Firm Style 
o. ppn. Tide No Food Food Present Little or Little or Style Full Stomach 
No Food Food Present 
a No Food 

13.9 12.1 43 ebb 75 0 1% 17% 3b 35% 

Wie 10. Soebb 35% 0 N 15% 25% 43% 12% 
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TABLE 6AD 


PERCENTAGE OF OYSTERS WITH FOOD AND STYLES THROUGH THE EBB TIDE 
THIRD REACH, DENNIS CREEK, MAY 13, 1946 


u ee Pale Br. : 
Tide No Style No Style eee eS Sia onan) Be Harm Dark Firm Style 
No Food Food Present ieee or 0 5 Full Stomach 
No Food Food Present 
No Food 
15 ebb 15 0 0 0 105 86% 
24 ebb 26 24 2% 0 3% 60% 
3z ebb % 0 2% 16% 50% 30% 
1 ebb 2% 0 6% Ali 4675 2% 
53 ebb % 15 12% 66% 14% 0 
Dell. 24% 22% 18% 32% LS 0 
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TABLE 13 


PERCENTAGE OF OYSTERS WITH FOOD AND STYLE THROUGH A PORTION OF A TIDAL CYCLE 
EGG ISLAND BAR BUOY, MAY 16, 1946 


oS SS SS SE eee 


White Soft Style Pale Br. Pale Br. Firm 


e e eee ee MM gee ee ir 
No Food 
loser 26,0 5 fd 14% LZ, 2% 0 2L% 56% 
16.6 18.1 54 fld 10% LG 8% Ld 154 5855 
Uno ee “Hews 13% 0 0 2% 18% 67% 
16.6 18,0 2 ebb 17% 0 10% 2 19% 52% 
17.1 17.1 3% ebb 8% 3% 855 14% 33% 33% 
W763 16,9- e 1 6% 8% IES 32% 36% 
17.8 16.8 uu ebb 10% 0 16% 16% 42% 26% 
18.0 17.0 5 ebb 0 0 14% 16% 7 36% 
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A BRIEF CRITICAL. SURVEY OF THE EVIDENCE 
FOR THE HORIZONTAL MOVEMENTS OF OYSTER LARVAE 


Melbourne R. Carriker 
Department of Zoology 
Rutgers University 


Over the years evidence has accumulated indicating that the larvae 
of the eastern American oyster display certain horizontal movements, inde- 
pendent of, but aided by, the flow and ebb of the tides. This pacnomenon 
was first mentioned by Dr. Julius Nelson in 1911 and in 1913. In recent 
years Dr. Thurlow Nelson has investigated this behavior in more detail, and 
describes their movements as follows: oyster larvae are herded horizontally 
into swarms of uneven distribution. These occur in definite lanes up and 
down stream from spawning oysters and are so distributed by the tidal cur- 
rents. Heaviest sets occur in these lanes. Larvae do not seem to be dis- 
tributed laterally to the current to any extent. They may move upstream 
during the later larval stages, further than can be accounted for by passive 
tidal conveyance, by remaining in the fastest curreats on the flood and sink- 
ing on the ebb. Larvee are thought to be stimulated to rise on the flood 
by the saltier flood water and by the increased current velocity. They tend 
to remain in the strata of greatest salinity change (the halicline) if such 
be present. «As the tide increases in velocity, the effect of current is 
added to that of salinity, giving the larvee a maximum stimulation to rise. 
it high slack water they tend to sink bottomward. During the ebb only the 
current stimulus is received. 4 decrease in salinity, caused by the inflow 
of fresh water, depresses larval activity, so that the total stimulation is 
thus probably less than on the flood. 


In a recent criticism of the Nelsons' theory, Korringa, a Dutch oyster 
scientist, points out that the congregation of larvae in special strata of 
differing current velocities may result in horizontal distribution, but 
doubts that this influence is as efficacious as assumed by Nelson; for al- 
though the influence of salinity makes a movement upstream possible in prin- 
ciple, the combination of the influence of haliclines and different current 
velocities may well have a resultant in another or even in an opposite 
direction. Korringa, however, presents no evidence to support his objection. 
In the Oosterschelde where he has made his observations there are strong 
tidal currents and very little salinity stratification, so that probably he 
was not in a position to notice such effects. He states that the European 
oyster larvae are uniformly distributed in the Oosterschelde, are moved pas- 
sively by the tides, and their distribution does not seem to be intinenced 
by temperature, currents, salinity or light. Yet in a subsequent pausage 
he writes that he has often met with peaks of greater or lesser larval con- 
centration and with differences between the number of larvae at she surface 
and at the bottom. He thinks these differences are caused by the proximity 
of spawning oysters. He took only e surface and a bottom sanple at each 
place, and thus did not receive a complete vertical picture. und finally 
the European oyster is a different species, so comparisons may not always 
agrece 
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A brief review of the larval period (taken from the researches of W. 
Brooks, J. Nelson and T. Nelson) will make clearer the evidence for the 
native movements of oyster larvae. It is thought that sexually mature 
oysters spawn during the late flood tide, the total annual production by 
one female being estimated at three hundred million eggs! Sperm and eggs 
are thrown into the lower strata of the water, where fertilization occurs. 
Early embryos do not develop swimming organs (cilia) for 4 or 5 hours, and 
settle to the bottom at the rate of about one inch in 7 minutes. However, 
in a current of 0.3 mile per hour or more, they may be carried some distances 
ifter the cilia form, the embryos crowd to the surface, pursuing an active 
spiral progression through the weter. About a day after fertilization, the 
embryos, now larvae with complete purse--shaped shells, are recognized as 
straight-hinged larvae; they measure approximately 0.06 mm., and sink to 
various depths swimming actively in all directions. In succession tnese 
free-swimming larvae go through the stages of “early umbo“, “late umo", 
"mature®, and "eyed". Eyed larvae are relatively more powerful swimmers 
than younger larvee, and although they are unable to meks much headway 
against a current, may rise in less than an hour Yrom the bottom to the 
surface of shallow oyster bays. Eyed larvae measure about O. mi. After 
careful selection of the proper attachment site, in or during relatively 
still water, they cement themselves to surfaces on the bottom, and are then 
called spat. In laboratory experiments, T. Nelson found that older larvae 
became more active when a higher salinity was introduced, and less active 
when less saline water was added. Currents passing over the larvae stim- 
lated them to rise. In still water they came to rest umbo-cownward on the 
bottom in one to 20 minutes at summer temperatures. 


The Nelsons advance the following points in support of their theory 
on the movenients of oyster larvae: (1) Most larvae were found on the flood 
tide in estuaries of strong tidal currents (Little Egg Harbor) end in about 
equal numbers on the flood and ebb in those of less currents (Barnegat Bay) 
They do not state whether this decrease in the number of larvee on the ebb 
in certain bays is not due in part to destruction of larvae by enemies. 
(2) Distinct variations in the number of larvae occurred at different depths 
on the ebb end on the flow respectively; the youngest larvae showed no marked 
differences in vertical distribution, but the older larvae steyed in the 
lower strata or on the bottom on the ebb, and in the upper strate on the flood. 
Stauber, in a singuler instance, once pumped 700 eyed larvae per 100 liters 
of water from close to the bottom at low slack weter in Delaware Bey. (3) 
In the horizontal plane they found the earlier larval stages farther down- 
stream, and the older larvae most numerous upbay. (4) Setting occurs far 
upstream from spewners, farther than would be accounted for by passive trans- 
port on tidal currents alone. Also, lervae suddenly return to set on beds 
over which previously no younger larvae were found, as in Long Island Sound. 
T. Nelson, however, gives no actual figures to indicate how far larvee might 
be moved passively by the tides. (5) And finally, since in local ectuaries 
the tide usually runs for a longer time on the ebb than on the flood, there 
is produced in combination with the current caused by fresh water coming down 
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from the streams above, a general tidal drift which tends to carry all freely 
moving objects oceanward. The fact that some larvae, even though carried 

into the ocean on the ebb, return to set in the bays, would indicate some 
independent movement exerted by them. The Nelsons do not indicate however, 
out of the billions of potential spat in larval swarms, the possibility that 
great numbers of larvae may be lost et sea during normal weevher conditions, 
and still leave enough larvae for the usual sets occurring in oyster regions. 


An analvsis of such factors as salinity, current, temperatire, light, 
turbidity and pH in larvae-bearing waters has been attempted by various 
investigators in order to determine the fundamental biciogical principles 
which govein larval behavior. T. Nelson in an extensive study of the effect 
of salmity, principeily in Barnegat Bay, finds that reiatively greater ag- 
gregations of larvee occur in the halicline. When no halicline is present 
the larvae are found in greatest numbezs on or near the bottom. Korringa 
writes that according to Neison's data the larvae in many instances remain 
uniformly distributed in the absence of a halicline, A review of Nelson's 
data does indicate this. Perkins, also working in Barnegat Bay, came to 
the conclusion that salinity is not as important in determining vertical 
distribution as T. Nelson believes; and Korringa, after a review of the 
work of both of these investigators, concludes that salinity plays a greater 
part than Perkins is inclined to admit. T. Nelson reports that the records 
of seven years show significant numbers of larvae only at the halicline in 
Barnegat Bay, end that if such stratification were permanent few if any 
larvae would set in the deeper parts of the bay, but would be swept on the 
flats where no significant salinity gradients are evident. This has been 
shown to occur. Salinity gradients may, in part, explain larval movements 
in bays of slight tidal currents such as those of Barnegat Bay, but would 
not seem to play as important a role in estuaries of strong tidal currents. 


Perkins, after a study of the effect of current on the vertical dis- 
tribution of oyster larvae in Barnegat Bay, concluded that in strong cur- 
rents larvae are distributed vertically according to the water currents, 
that when current velocities are low and salinity gradients relatively 
great, lervae congregate above the halicline, and that if the current is 
negligible and there is no halicline, the larvae are found near the bottom. 
Korringa in an analysis of this work, showed conclusively, however, that 
in some of Perkins! data a relatively strong current has no effect in con- 
centrating larvae in a stratum when a halicline is present and that in 
other instances a relatively weaker current, which according to Perkins 
should play a part in concentrating the larvae, eveniin the absence of 2 
halicline does not do soe Forringe further believes that water currents 
are not great enough to bring about the effect observed by Perkins. In 
the strong tidal currents of the Oosterscheide Korringa says he noted no 
correlation between current velocity and larval distribution and yet his 
data show instances where more larvee occur in the surface samples than 
in the lower samples, And further, he collected his greatest number of 
larvae (2,000 per 50 1.) at half flood in a surfece sample! A serious 
objection to Perkins! larval work, as well as to much of that of others, 
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is that consecutive vertical series of samplings have not been collected 
throughout the cycle of the tide. 


As to the influence of light on larval distribution, Korringa, along 
with other European workers, found no correlation. T. Nelson finds that in 
the presence of light, eyed larvae continue to move until they come into 
shede. J. Nelson thought that larvae tend to stay near the bottom at night 
and to rise during the day. 


The effect of temperature on larval movements also deserves greater 
study. Korringa, though noting no correlation between temperature and dis- 
tribution in the field, thinks that vertical distribution of lervae is not 
the same at lower temperatures as at higher temperatures. J. Nelson believed 
that higher Vater temperatures caused larvae to rise to the surface. He 
counted more learvee on warmer then on colder days, end observed that in the 
laboratory embryos swim in schools in ascending and descending columns. 
European workers observing the same movements in the European oyster larvae, 
think they resemble convection stream movements. 


Perkins found no obvious correlation between pH and larval distribution 
in his Barnegat studies. Such factors as the effect of food and of turbidi- 
ties on larval distribution heve received but scant attention, and merit 
further investigation. 


In the summers of 1938, 1939 and 1940, I studied the vertical distri- 
bution of larvae in Barnegat and in Great Bay, N. J. Series of successive 
vertical samplings were taken through the cycle of the tides, with salinity, 
temperature and tvrbidity observations. Unfortunately, current velocities 
were not determined. Most obvious result in this study was the extreme 
variation in both the horizontal and in the vertical distribution of the 
lervee. Roughly speaking more larvae were found in the flood than in the 
ebb in both Barnegat and Great Bay. In general, a tendency was noted for 
the younger larvae to remain more uniformly distributed vertically then the 
older ones. Strata of meximum concentration of younger larvae jumped over 
the vertical picture somewhat, but tended to rise in the early flood, to 
sink around high water and to rise again during the middle of the ebb. 
Older larvae were never found in sufficient munbers to obtain a clear 
picture of their movements. Eyed larvae, however, showed definite tenden- 
Cies: out of some 620,100 liter samplings made in the three summers (about 
half on the ebb and helf on the flood) a total of 82 eyed larvee were found 
in 15 flood samplings, and only 16 larvae in 5 ebb sanplings. In Bernegat 
Bay no eyed lervae were ever found in the water on the ee (10 samples were 
taken off the bottom). It is realized that these are st l numbers of 
larvae, but then this stage is never as ebundant as the earlier stages, 
mortelity apperently proceeding at a high rate during the pelagic existence. 
No influence of temperature, light and turbicity on larval cistribution was 
observed. In some instances in Barnegat heliclines eppearsa to infiuence 
distribution, at others not toe In summary, it is possisle, at least, to 
agree with previous workers that the larvae, especially the older stages, 
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appear to rise on the flood end sink on the ebb tide. However, much more 
exhaustive work must be done both in the laboratory and in the field before 
this ecological problem is solved. 


Hypothetically it may help in a study of this kind to consider that 
differences in larval behavior ere being dealt with which have arisen through 
natural selection over the centuries in the response of oysters in their 
adjustuent to the varying conditions in the different estuaries. For, it 
is doubtful that much, if any, intermixing has occurred in recent times 
between the latvae of the various geographically distinct estuaries. Thus, 
rather than an identical reaction of oyster larvae from different regions 
to the various combinations of the environmental influences there, it 
should be expected thet a few fundamental biological responses underlie 
this behavior, and that the identity of these responses is confused in each 
instance by the interplay of the changing proportions of the local influences. 
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LOUISIANA'S OYSTER MANAGEMENT PROGRAM 


James N. McConnell 
Director, Oyster Division 


Mr. Chairman, Ladies and Gentlemen of the 1946 annual joint oyster convention: 


Since the oyster interests of Louisiana have only recently become asso- 
ciated with your efficient and most important organization, we felt thet it 
might be appropriate at this time to endeavor to acquaint you with our pro- 
gram of oyster management in Louisiana. By legislative act, the State of 
Louisiana has declared, and I quote from the act: 


"That all beds and bottoms of rivers, streams, bayous, 
lagoons, lakes, bays, sounds, and inlets bordering on 
or connecting with the Gulf of Mexico, within the ter- 
ritorial jurisdiction of the State of Louisiane, in- 
cluding all oysters and other shell fish and parts 
thereof, grown thereon, either naturally or cultivated, 
and all oysters in the shells after the same shall have 
been caught or taken therefrom shall be, continue and 
remain the property of the State of Louisiana, until 
the title thereto shall be divested in the manner end 
form herein euthorized; and shall be under the exclu- 
sive control of the Department of Wildlife and Fisher- 
ies of the State of Louisiana until the right of pri- 
vate ownership shall west therein, as herein provided." 


On numerous occasions during the twenty years that I have personally 
directed our Oyster Division, attempts have been made by unscrupulous in- 
dividuals to exploit improperly the vast oyster production possibilities 
of our State. This type of promotion has never been allowed in Louisiana. 
We welcome, however, and will assist in every way possible, any legitimate 
oyster interests that might care to avail themselves of opportunities for 
oyster cultivation and production which our State affords. We in Louisiana 
firmly believe that at present less than ten per cent of our oyster pro- 
ducing area is being utilized. This opinion is concurred in by several 
oyster experts from other sections of the country, after surveys made of 
oyster producing territory in this area. 


It has always been felt that it is necessary to lease State-owned 
water bottoms to private individuals in order that the State may give proper 
protection and encourege individual cultivation of oyster areas. 


The State of Mississippi, by contrast, does not allow private leasing 
of water bottoms for oyster cultivation, and I believe that our other sister 
state, Texas, has only in recent years allowed the leasing of its water bot- 
toms for oyster purposes and this only under limiting conditions. 
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Because of the several hundreds of thousands of acres of natural oyster 
reefs now producing large quantities of natural growth oysters, Louisiana 
allows the leasing of these natural reef bottoms, only limiting the cunt 
available to each individual or packer. Any individual or company desiring 
to obtein leased bottoms from us would proceed as follows: 


Locate the area desired, make an application for same to be surveyed 
and amount of acreage determined. Upon completion of this survey, and map 
of location having been made, a rental notice in the amount of one dollar 
per acre per yeer is meiled to the applicant. Upon receipt of this money, 
a map and leese is given the applicant. The lease is for a period of fifteen 
years with the privilege of renewal for an edditional ten years, providing 
that the ennual rental be paid in edvance each yeer. 


The lessee may then take oysters from his leased grounds at any time of 
the year and by any method that he finds advantageous. He must, however, 
obtain an annual license for his boats handling oysters, et the rate of fifty 
cents per ton carrying capacity. 


A privilege tax of two and a helf cents per barrel is levied on all 
oysters removed from leesed grounds and three cents per barrel on all oysters 
taken from the natural reefs of the State. A fifty-dollear annual license 
per boet is required for all dredge boats operating on public reefs. 


Louisiane hes at present approximately twenty thousend acres under lease 
in small trects of from one to twenty acres. However, a few larger tracts 
from fifty to five hundred acres are recorded. 


It has been the policy of our Department for many years to require 211 
packers and canners opereting upon the neturel reefs of the State to return 
as “cultch”® ten per cent of the oyster shells taken from the reefs. In 
other words, anyone removing ten thousand bushels of oysters is required to 
return one thousand bushels of shells. The entire operation is done at the 
expense of the person removing the shells, and the shells must be rebedded 
under the direction of the Department of Wildlife and Fisheries at the time 
and place and in the manner prescribed by said Department. 


Shells planted under this program alone heve been annually ranging from 
a top of two hundred and fifty thousand bushels to 4 minimum of seventy 
thousend bushels, dependent upon the annual production from natural reefs. 


The legislature in 1944 passed an act appropriating “any and all funds 
collected by the Department of Wildlife and Fisheries for the sales or grants 
of the right or privilege to take shell or shell deposits from the shell 
deposits of the State to be dedicated to the establishment of ‘oyster seed 
grounds,’ and to the plant ing, propagation, cultivation, policing, preserva- 
tion and distribution of oysters on and from said grounds.” 
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We have just completed, from money obtained from this source alone, the 
planting of three hundred and thirty thousand bushels of clam shells as 
Yeultch" in various selected spots. 


Practically all of our shells are now being planted by the hydraulic 
method and it hes been found to advantage to use two or more pumps to each 
barge when unloading. 


We are also using some of this money in transplanting oysters from 
over-populated reefs to arees where new reefs can be made of better quality 
oysters. 


We ere endeavoring in certain areas, where oysters are growing too 
thickly and in clusters, to use dredges with the bags removed to drag the 
reefs and break up the clusters, which appears to be a step in the right 
direction. 


A special seismic section of the Division of Oysters and Water Bottoms 
was organized in 1939 for the purpose of preventing loss of oysters, fish, 
shrimp and wildlife due to seismic exploration. Intergration of the inten- 
sive search for oil, based upon the use of explosives, and industries de- 


pendent upon oysters, fish, and other forms of life sensitive to shock waves 


was necessary for the economic operations of these industries. Regulations 
now in force are based upon findings obtained from a public hearing held 
between Department officials and counsel for the Department, together with 
representatives of the oil interests and their attorneys, end representa- 
tives of the fishing and wildlife interests of the State. It can now be 
stated that efter more than six years of seismic operations in the State, 
both the oil companies and the seismic exploration companies have given 
their wholehearted support to the Department of Wildlife and Fisheries in 
its endeavor to protect other naturel state resources. This is well illus- 
trated by the fact that today we heve fifty-five seismic exploration parties 
operating in the State. A conswation agent is assigned to each of these 
parties who renders daily reports of their activities to our Department. 
The salaries and expenses of these agents are borne by the various oil com- 
panies and all agnts are hired and fired by the Department of Wildlife and 
Fisheries and are responsible to said Department. 


I have with me, for any of you that might be interested, 2 number of 
sets of our seismic regulations together with handbooks which are given to 
each agent for his instruction and guidance. 


The Oyster Division uses for its patrol work a sixty-three-foot twin- 
engined Diesel-operated boat with e crew consisting of captein, cook and 
engineer. 4 fast speed boat tender is part of the equipment. The crew of 
the boat spends its entire time patrolling the oyster beds of the State and 
enforcing the oyster laws, noting the condition of oysters in various areas 
and when any exceptional mortality occurs in any area the main office is 
contacted so that biological examinations may be made. 
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Two speed boats are continually in use to protect the newly created 
seed grounds. A departmental airplane is used considerably for petrol work 
and also for biological observations and obtsining biological samples. 


In addition to this, a boat is engaged in gathering data necessary for 
future biological observations. 


Several years ago a biological laboratory was built and equipped at 
our Port of Entry located in the Louisiena marsh area adjacent to Mississippi 
Sound, and about seven miles south of Lovisiana-Mississippi line which passes 
through the Sound. 


It is unfortunate that ever since the outbreak of the war when we lost 
our technicien to defense industries, we have been unable to secure another 
biologist to take charge of this laboratory. 


We now have the authority to employ a first class biologist under the 
provisions of Civil Service. 


As stated before, a boat with crew is ready and waiting to carry out 
a special oyster biological program as soon as someone can be obtained to 
carry on this most important work, 


Dr. Hopkins of the Federal Fish and Wildlife Service laboratory in 
Pensacola has rendered most valued assistance to ovr Department in many ways 
and we have often taken edvantage of the splendid facilities mede available 
by the Fish and Wildlife Service in his laboratory at Pensacola. The exis- 
tence of this laboratory under Dr. Hopkins direction is of fundamental im- 
portance to the oyster end other fisheries interests of the whole Gulf Coast. 


Dr. Galtsoff who is associated with the seme Service has in many ways 
assisted both Dr. Gowanloch, our Chief Biologist, and me in determiniug the 
cause of a number of biological problems pertaining to oysters which have 
arisen during the past twelve years in Louisiane. 


We sincerely hope that when we are able to obtain the proper personnel 
and with the able assistance of the Federal Fish and Wildlife Service to- 
gether with our own Dr. Gowenioch, we may through scientific research obtain 
much information of great importance to the oyster industry of Louisiana and 
indeed that of the entire gulf area. 


It seems important to me in completing this talk to you to mention the 
cordial relations now existing in the oyster industry between Louisiana and 
our sister state, Mississippi. 


There are more than twenty-five oyster canning factories loceted along 
the Mississippi Gubf coast thet obtain from seventy-five to one hundred per 
cent of their steam stock oyster from the natural oyster reefs of Louisiana. 
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We heve an agent with office located in the city of Biloxi. Every 
oyster boat leaving Mississippi must obtain a permit from our agent and 
before leaving the State of Louisiana with oysters must pass through our 
Port of Entry located near the Mississippi line. Here, another agent in- 
spects this cargo and writes on the permit the estimated emount of same. 
Before this boat may come into Louisiana waters again, it must obtain 
another permit and present this signed permit together with the share slip 
obtained from the cannery, giving the exact number of barrels for which the 
fisherman has been paid. Our auditors annually check these share slips 
against the factory books and we feel sure that by this method Lovisiana 
obtains all of the taxes due for oysters removed from our State and packed 
in Mississippi. 


Let me now thank you ell for the courtesy extended to me in my en- 
deavor to acquaint you with same of our present oyster operations in 
Louisiana and some of our future plans. It will please me greatly at 
this time to answer any questions which: you may see fit to ask relative 
to our present operations or future plans in Louisiana. 
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EFFECT OF SUSQJEHANNA RIVER STREAM FLOW ON CHESAPEAKE BAY 
SALINITIES AND HISTORY OF PAST OYSTER MORTALITIES ON UPPER BAY BARS 


G. Francis Beaven, Biologist J 
Chesapeake Biological Laboratory 
Solomons, Maryland 


It has long been recognized thet an area of extensive oyster rocks in 
Upper Chesapeake Bay, north of Kent Island, is characterized by erratic pro- 
duction, slow growth and occasional heavy oyster mortality. These Upper Bay 
bars once supplied large quantities of small stock for the steam houses in 
Baltimore when Cove Oysters were canned. Quantities of the small round single 
oysters, which at times are abundant, have been utilized by both private in- 
dustry and the State as seed oysters for planting further down the Bay. At 
rare intervals, the upper Bay oysters make good growth and produce a quantity 
of acceptable market oysters for the shucking houses. 


The subject of proper management of these bars presents different prob- 
lems from those encountered in the rest of the State and has evoked consider- 
able discussion and debate. Although the effect of fresh water in adversely 
affecting the oysters in this area is generally recognized, the fact that an 
extensive mortality in 1943 occurred at a time when local precipitation was 
known to be deficient, as was true also in other instences, gave rise to other 
theories concerning the cause of the oyster losses. A “blight”, pollution 
from Baltimore, and the opening of the bars to commercial dredging in certain 
years have each had vociferous adherents as the explanation for oyster losses 
occurring on the bars. 


Fer too little factual data is available concerning past oyster mortalis 
ties. Even as late as 1943 no observations on these bars were made until 
several months after a severe mortality had occurred. Since that year, the 
bars have been kept under continuous observation and the extensive studies 
made during the past two years by the Fish and Wildlife Service form the sub- 
ject of the next paper on this program. 


The possibility of e "blight" or oyster disease being a causative agent 
in an extensive mortality extending some distance down below Kent Island during 
1916 was investigated by the Bureau of Fisheries. dt that time no conclusions 
as to the exact agency responsible for the oyster deaths were reached. Exami- 
nation of oysters then and in other more recent instances failed to disclose 
any recognized parasite in unusual abundance. Observetions on the dispersal 
of industrial pollutants from Baltimore and the fact that the intensity of 
the mortalities observed has been greater on bars above and to the eastward 
than on those nearest to the approaches to Baltimore offer no support to the 
theory that pollution from Baltimore has caused the extensive losses observed. 
Continuous examination for the presence of both parasites and pollutants must, 
nevertheless, be continued since they constitute a potential danger which 
may vary from year to year. 
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The proximity of the upper Bay bars to the entrence of the Susquehanna 
River and the frequent references in past conservation reports to destructive 
floods from that River have prompted a study of available records for the 
purpose of organizing the data and determining what relationship exists be- 
tween Susquehanna stream flow, Chesapeake selinities and past oyster mortal- 
ities. 


The Chesapeeke Bay is a drowned valley and comprises the largest inland 
waterway on the Atlantic Coast. It has been formed by the flooding of the 
lower stream system of the Susquehanna River as a result of coastal subsidences 
Its salinity varies from slightly below that of the open ocean at the Virginia 
Capes to fresh water on the Susquehanna flats. An average outwerd flow of 
about three tenths of a knot was calculated by Wells, Bailey end Henderson in 
their 1929 publication. The outward flow of the fresher and lighter water at 
the surface is accompanied by a slow movement of denser salt water up the 
Bay in the deeper channels. Deflection of currents towards their right by 
the earth's rotation together with greater stream flow from the western shore 
of the Bay have resulted in slightly higher salinities on the eastern side 
than on the western. The normal heavier run-off from the land during the 
spring months causes an annual salinity fluctuation with lowest salinities 
occurring in the spring and highest in the fall. Seasonal variations in 
evaporation, precipitation, and wind direction and velocity all influence 
the salinity pattern of the Bay. 


The drainage area of the Bay system is about 64,900 square miles with 
the Susquehanna River comprising approximately 43% of the total. Stream flow 
from the Susquehanna represents over 85% of all contributions north of the 
Potomac and over 95% of that above the Patapsco. Veriations in the flow of 
the Susquehanna River would thus be expected to have a major influence on 
salinities in the upper pert of Chesepeake Bay, with its effects being marked 
as far down as the entrance of the Potomac. 


No continuous deily record of salinities in the upper Bay proper is 
aveilablic. At Solomons, some 65 miles below the affected bars, daily surface 
salinity is a little less than 14 p. p. t. or approximately double the normal 
salinity on the upper Bay oyster bers. It ranges from a normal of 10.3 
about May 1 to 17.3 in early November. A comparison of intermittent salinity 
records from the upper Bay with those at Solomons shows that both folhow the 
same general trend with abrupt fluctuations more smoothed at Solomons than 
up the Bay. Extensive surface and bottom samples on oyster bars have further 
shown that surface selinity fluctuations correlate closely with those occur- 
ring in the slightly higher salinities of the bottom water. 


Selinities at Solomons have been plotted and compared with graphs of the 
precipitation recorded for the Maryland-Deleaware section by the U. S. Weather 
Bureau. Monthly average salinities at Solomons and monthly average precipi- 
tetion during the past five years are shown by the accompanying graph. 

There is some general relationship shown between recorded salinities and 
precipitation but no well defined correlation exists. The marked low salin- 
ity which oecurred in 1943 is not accompanied by above normal precipitation 
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for the same period. This lack of correlation.might be expected from the 
relatively smell portion of fresh water which is contributed to the upper 
Bay by local run off. 


Accurate records of Susquehanna River stream flow have been kept near 
its mouth at Conowingo Den since 1933 by the Susquehanna Electric Company. 
These have been studied and plotted in several ways for the ente ve period. 
Relationships of stream flow, precipitation and salinity at Solomons are 
shown graphicaily for the rear 1945, a year of marked precipitation and 
stream flow peaks. Ne noticeable effect of local rainf all on salinity can 
be found except a slight cip following record e e reins in näid- July. 
This same period elso showed a moderate rise in stream flow from the Sus- 
quehanna. The graph of deily strcam flow at Concwingo, however, shows a 
definite relationship to daily salinity. Each marked peak of 8 is fol- 
lowed by a low peak of salinity. The interval of time ranges from five to 
about fourteen deys end is usually slightly less then one week. However, 
the effect of periods of high stream flow is cumulative so that when salinity 
is depressed it does not recover fully for a period of weeks or months. 


Exposure to a brief period of low salinity seems to heave little permanent 
effect upon oysters, but long or frequently repeated exposure may result in 
serious damage. Thus, selinities averaged over a monthly period are more 
significant than the daily extremes. At the bottom of the graph, the monthly 
averege salinity at Sclomons is plotted with low figures at the top and high 
ones at the bottom so that peaks of low salinity will parallel peeks of high 
stream flow. In order to smooth out and show the cumulative effect of stream 
flow, the monthly average, three month progressive average and six month pro- 
gressive average daily flow are plotted. The six month progressive average 
curve appears to correspond more closely with that of monthly salinity than 
do the others. Several years were plotted in similar menner and the same 
general relationships were found to hold. Other periods of progressive 
average flow were tried, but the six month period seemed to follow Se 
salinity trends best as illustrated by the five-year graph shown. 


Salinity records at Solomons do not extend back enough years to cover 
earlier periods of recorded oyster mortalities at the Heed-of-the-Bav nor 
do the stream flow records at Conowingo. Daily salinity records at Fort 
McHenry in Beltimore Harbor have been kept by the Coast and Gecdestie Survey 
since 1914. Solomons records were considered best for prelisinery enalysis 
since they are at the mouth of a long and broad tidal estuary end are little 
affected by local stream flow while those at Baltimore are likely to be more 
influenced by local Patapsco River conditions, When both, however, are plot- 
ted together e high degree of correlation is shown generally. 


Records of Susquehanna stream flow extending back to 1890 have been kept 
at Harrisburg by the Coast and Geodetic Survey. When daily flows at Harris- 
burg and Conowingo are plotted in parallel a very high correlation is found. 
Records of peak floods showed that the average time interval for a peak to 
travel from Harrisburg to Conowingo is sight hours. The narrow gorge of the 
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Susquehanna and the maintanance of a continuous high head of water back of 
the dams gives them little if any flood control effect. Stream flow records 
at Harrisburg thus furnish a reliable index of the water discharged into the 
upper Bay by the Susquehanna River. 


Publications of various agencies in Maryland dealing with oysters have 
been searched for records of general mortalities occurring at the Head-of-the- 
Bay. It is found that such losses when occurring in spring or summer were 
sometimes unreported until the rocks were visited after Christmas so that 
records of such loss may be given in the following year. There is also evi- 
dence that oysters weekened by spring floods may succumb the following winter 
when environmental conditions are unfevoreble. The following major mortali- 
ties and no others were found to have occurred during the period for which 
records are available: 1908-1909, estimated at 55% on the Tea Tables and 
62% on Man O War Shoals; 1916, only an occasional living oyster could be 
found above Swan Point end the Patapsco River; 1928, an 80% mortality of up- 
Bay oysters; 1936, a heavy mortality from freshets down to Swan Point and 
Sendy Point; 1943, 97% loss on Tea Tables ranging to little loss at Swan 
Point and Sendy Point; 1945-46, to be reported in detail by Mr. Engle. 


The six-month progressive average daily flow of the Susquehanna River 
at Harrisburg for the period of recorded mortalities has been plotted together 
with the existing monthly average salinity records from Baltimore. Mortality 
yeers are marked on the graph by an "M". These six mortality periods corres- 
pond with the six highest sustained periods of cumulative run-off from the 
Susquehanna. The five mortality periods reported since Baltimore salinities 
were available correspond with five of the seven recorded periods when salin- 
ities remained below five for three months or longer. These records thus 
afford excellent evidence that the oyster mortalities at the Head-of-the-Bay 
have all been associated with and probably are the direct result of low 
salinities caused by periods of high run-off from the Susquehanna River. 
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COMMERCIAL ASPECTS OF THE UPPER CHESAPEAKE BAY OYSTER BAN 
IN LIGHT QF THE RECENT OYSTER MORT.LITIES 


James B. Engle, Aquatic Biologist 
U. S. Fish and Wildlife Service 


The conditions existing on the upper Chesapeake Bay oyster bars during 
the last two oyster seasons present an exciting and deeply challenging situa- 
tion to the biologist, but a sad and depressing picture to the industry 
depending on the supply of oysters. I appreciate both viewooints and take 
this opportunity to discuss the significance of our observations from both 
sides. 


The Fish and Wildlife Service in cooperation with Maryland Conservation 
agencies has been studying the biology and factors relating to the cultiva- 
tion of oysters in Chesapeake Bay since 1944, and the value of the biological 
observations has already benefitted the oyster industry to a certain extent 
through advice based on information gathered in the course of these invest- 
igations. <A major portion of the study was centered on the area known as 
the "Head of the Bay® loceted north of a line from the Chester River and 
Sandy Point. The reason for this critical interest is founded on the fact 
that wide fluctuations of salinity occur in this area from year to year and 
within the year. The cause of these salinity changes is in the amount of 
the fresh water run-off of the Susquehanna River. The drainage area of this 
River is located largely outside the State of Maryland in Pennsylvania and 
New York, but in Maryland, however, the greater part of this drainage is im- 
pounded by a large dam at Conowingo situated above Havre de Grace. During 
years when rainfall, snowfall and spring thews are responsible for high river 
stages, large quentities of the fresh water escape over the dam or are re- 
leased through rlood gates and flow into the head of Chesapeake Bay. The 
salinity depression caused by the influx of the overflow varies in its ex- 
tent and amount from year to year. Fortunately, coincidence during the last 
two years has permitted us to observe the effect on salinity of a reasonably 
dry season with a light flood from the Susquehanna River, and e year of heavy 
spring run-off following a quick and heavy thaw augmented further by excessive 
rainfall in the drainage basin, and in the immediate vicinity of the Bay. 

The contrast of these two years represents the difference between the existence 
and the destruction of oysters found on some of these bars of the “Head of 

the Bay“. <A more detailed discussion of our observations during each of these 
years will disclose the effect of the changes on oysters. 


In 1944, the year the investigation was started, the salinity picture 
was as follows: From February to May 10 there was a drop from 10 parts of 
salt per thousand parts of water to fresh water. The fresh water lasted 
about two weeks, and then a steady increase in the salts occurred throughout 
the rest of the year reaching 15 parts per thousand in October. Oysters 
during this year were not materially harmed by the short period of fresh 
water with the exception of a slight retarding of the gonad development and 
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the absence of setting. Spawning did occur later in the season, and oysters 
grew normally and "fattened". In fact, the growth was better than usual 

and brought a large number of undersized oysters into the legal class for 
marketing. On the basis of the large number of market size oysters in good 
"fat" condition present on the "Head of the Bay" bars, the Maryland Depart- 
ment of Tidewater Fisheries on the advice of the oyster biologists of the 
Fish and Wildlife Service opened about 600 acres of oyster bottom to her- 
vesting. Between 75,000 and 100,000 bushels of oysters were marketed and 
netted a substantial profit to the industry. This move also provided en 
additional supply of food at a critical period during the meas shortage. 

The whole operation was under the control of the State end Federal agencies, 
and the harvesting was stopped before any Serious reduction was made in the 
population on the bars. In view of what happened before the 1945 year was 
over, it might have been well if all the oysters had been removed either to 
the market or transplanted to other bars. We are not gifted with the ability 
to foresee what the weatherman had in store for the area, so the bars were 
left with an adequate number of oysters to furnish brood stock for rebuild- 
ing the population for the future. We followed an acceptable conservation 
procedure in both cases, namely in harvesting some of these oysters and in 
leaving a portion of the population on the bars. 


Now let us follow the sequence of events during 1945. From the salin- 
ity of 15 which was maintained through the fall and winter of 1944-5, it 
suddenly dropped to fresh water during the latter part of March. The fresh 
water remained over the bars for about three weeks. The heavy run-off was 
caused by an unusually early thaw in the whole Susquehanna River drainage 
basin that melted the heavy snows in New York and Pemnsylvania and created 
flood stages on the river. When the floods had subsided, the salinity rose 
in the upper Chesapeake Bay to about 7 during the latter part of April. 

This rise was false assurance, for the spring rains came early in May and 
again dropped the salinity to zero. This condition was muintained until the 
end of May when once more the salinity started upward. The rise, however, 
was stopped by the rains of a very wet summer. Salinity hovered between 

3 and 6 parts per thousand until the end of August; rose to about 9 during 
September; and dropped to 5-7 for the rest of the year. Studies by oyster 
scientists have shown that oysters are not able to grow, "fatten" and re- 
produce under these salinity conditions. Oysters in this part of Chesapeake 
Bay demonstrated this fact during 1945. Sex products in the majority of 
oysters did not ripen until August, spawning was meager, and no setting oc- 
curred. Meats were puffed up and transparent with water at the time when 
oysters normally accumulate large amounts of glycogen, which usually accounts 
for their creamy "fatness" and desirable firmness. These oysters, when 
shucked, began losing the absorbed water immediately and soon became shrivel- 
led and dark and contained only one-fifth of the solid matter usuelly ex- 
pected in a good market grade oyster. By November they began to die and 
before the winter was over the mortality had reached from 50 to 92 percent 
of the population. Those animals that had not died were in such poor condi- 
tion that their survival was doubtful. For the moment it is sufficient to 
say that none of these oysters were fit to be marketed and the loss to the 
industry was great. 
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The extent of the affected area went beyond the "Head of the Bay” bars, 
and included many of the oysters in the Chester River, most of the bars on 
the Bay side of Kent Island, and a major portion of the bars in nne Arundel 
County on the western shore of the Bay. The mortalities were not as severe 
below the “Head of the Bay“ bars, but the condition of the oysters was so 
poor that they could not be marketed. The parts of the Bay and the tribu- 
taries below the above mentioned sections did produce many oysters, and made 
it possible for the State of Maryland to maintain production figures approx- 
imately equal to the 1944-5 season. 


The sad part of this season's losses is more profound than appears at 
the first glance. mong the areas affected were bars being developed as 
part of a program by the Maryland Department of Tidewater Fisheries for re- 
building the grounds of low yield and the pertielly depleted areas. Most 
of these planted end cultivated areas are in the Bay proper, but several 
others are located in the Chester River. During 1943 e set of oysters 
caught on shells planted at Love Point, Kent Shore and the bars in «anne 
arundel County. This set was aupplemented by seed of the same year setting 
transplanted from prepered seed areas. Many of these oysters had reached 
marketeble size and were part of the projected crop expected for the 1945-6 
production. When the past seeson opened in September 1945, the condition 
of the meets was below the quality required for marketing on the basis of 
appearance end yield in pints per bushel, so the areas were not opened for 
hervesting. It was st first expected that the oysters would improve es the 
season progressed and the animals had more time to "fatten" after spawning 
hed ceased. They could then be harvested leter in the fall. This did not 
happen, and instead, many died. The survivors became progressively poorer 
as the season advanced, and entirely unfit for marketing. The fact that 
these oysters did not reach the market is no reflection on the State program, 
for the conditions occurring on these bars are unusual and they happen in- 
frequently. 


On the basis of umiarketability end loss through the heavy mortality, 
the State of Meryland oyster production for the season of 1945-6 was de- 
prived of over one million bushels. Approximately 40 percent of these 
oysters would have come from the reserved areas cultivated by the State of 
Meryland Oyster Management Plan. I the following table the detail upon 
which these figures are based is given. The Josses from the “Head of the 
Bey” bars are not included because that area cannot be rightly classed as 
a dependable source of oysters for the Meryland markets The losses on these 
latter bars, however, were heavy and represent considerably more than half 
of the population left there after the mortalities following the freshet of 
1943 end the marketing during the fall of 1944. 


I believe I am justified in expressing a word of encouragement to close 
this otherwise depressing discussion. Some of the loss during the present 
season was due to unmarketability, and this may be recovered when the water 
conditions improve, and the subsequent improvement of the poor oysters. 
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Table 1. Mortalities and production losses from the bars in the upper 
part of Chesapeake Bay, 1945-6, and marketable resicue. 


Baushels 
Name of Bar ay : 
Expected crop 1945-6 Mortality loss Marketable residue 


| 


Love Point 100,000 92,000 8, 000 9 
Broad Creek 200 , 000 100, 000 100,000 a/ 
Gum Thicket 60 ,000 15,000 45,000 a 
Bloody Point 50,000 10,000 40, 000 a 
Chester River 25,000 10, 000 15,000 17% 
amne Arundel 15,000 5,000 10,000 ay 

Totals 450,000 232,000 218, 000 
Swan Point 500, 000 300, 000 200, 000 ey. 
Anne Arundel 500, 000 150, 000 350,000 rh 
Totals 1,000,000 450,000 550, 000 
eee 
Combined 1,450, 000 682, 000 768, 000 
Totals 


af Bars cultivated State of Meryland Oyster Management Plan 


4 Natural bars with oysters too poor to harvest 
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The loss through the heavy mortality on some of the bars is irreperable of 
eourse, but the cultch bought at this high price may be a small but useful 
element on the credit side in the rehabilitation. At the present time, 
hydrographical conditions are favorable for a drier season which should 
improve the salinity. The blame for the losses during the 1945-6 season 
may be put directly on the low salinity maintained throughout the whole of 
1945 and early 1946. In the effort to explore ell possible causes for the 
poor condition and high mortalities, an independent study of the distribu- 
tion of the sporozoan parasite, Nematopsis, in the oysters from most of 
the bars in upper Chesapeake Bay was made by Miss Helen Landau, Biologist 
in the Fish and Wildlife Service. No correlation could be found between 
the distribution and the intensity of infestation of the parasite in the 
oysters with the poor condition and mortality. 


The period just past, usually the time when the upper part of Chesa- 
peake Bay is under the bad influence of the spring freshets from the Sus- 
quehanna River show by the records that it is the driest experienced since 
the Conowingo dam has been in operation. The overflow has been cut off ex- 
cept for power manufacture, and even this has been curtailed in order to 
maintain sufficient head to run the turbines. The salinity at the head of 
the bay has reflected this meager discharge of water from the dam and is 
now 10 parts per thousand higher than it was in 1945, and approximately 5 
parts higher than it was in 1944. We still may get precipitation heavy 
enough to cause heavy run-off which would depress the salinity, but some 
ground has been gained by having a dry early spring. 4. short term depres- 
sion will not seriously harm the oysters provided a reasonably dry summer 
and fall permits the steady rise in salinity. I offer hope to Maryland in 
particular and to the oyster industry on the whole, for 2 substantial in- 
crease in oyster production from this area during the coming season. With 
higher salinities one may elso expect 2 better possibility of normal gonad 
development and a subsequent set to replace some of the losses just suffered 
by the oyster population in the upper Chesapeake Bay. 


On the evidence of our observations of the "Head of the Bay” conditions 
it seems appropriate to mention here that it would be more profitable to 
expand oyster cultivation in a southerly direction in the Maryland portion 
of the Chesapeake Bay end avoid trying to answer the question “is the head 
of the Bay a nursery or a death trap for oysters?" There is no doubt that 
2 potential value exists in the head of the Bay and oysters will occur from 
time to time. When they do occur it would profit the State to remove them 
to safer areas to grow. A better oyster is produced where salinity remains 
higher and with less fluctuation than is found in the above area. 
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HOW CAN WE PROFIT BY THE U. S. FOOD AND DRUG ADMINISTRATION HEARINGS 


Curtis D. Newcombe, Director 
Virginia Fisheries Laboratory 
Yorktown 


The extent to which oyster packers may profit from the recent hearings 
of the U. S. Food and Drug Administration depends firstly on what added sig- 
nificance they have been led to attach to hand ing and packing procenires. 

I think that many have come to realize more than ever before the bad effects 
on oysters and oyster markets of excessive contact with fresh water or boo 
great variability in counts or excessive emounis of shell fragments. The 
need for a standard of some kind is probably evident now to many that before 
the hearing considered standards unnecessary. Hence, it is likely that the 
Hearings have resulted in giving added significance to Standards in this 
industry. 


The extent to which the Hearings have been profitable depends, secondly, 
on new information that has been provided by the various Federal, State, and 
private agencies. Jfter listening to carefully prepared testimony offered 
by the Food and Drug (Administration and by the several other agencies, I 
became impressed with the need for Standards of some kind, the need of the 
oyster industry for the backing of the established Federal agency for proml- 
gating standards - namely the U. S. F. D. A. and especially the need for more 
facts to serve as a basis for Standards. The oystermen of the different 
states do not yet have the needed records to define the type of standards 
that best suit the country as a whole (if indeed such can de found) or that 
are applicable to even one generel section. It is true that the various 
state agencies in cooperation with the U. S. Fish and Wildlife Service did 
a great deal in a short time but the job is too big to be completed in a few 
months. Likewise, the testimony of the U. S. Food and Drug Administration 
impressed me as lacking technical facts on essential aspects of the regula- 
tions, and, too, the evidence seemed to reveal a lack of appreciation of the 
practical problems which every oysterman encounters. 


I may cite an example of variations in oysters from two different parts 
of Virginia which clearly show that there is no royal road to generalizations 
as far as behavicr of oysters is concerned. The two localities where our 
observations were made were near the mouth of Chesapeake Bay - salinity about 
20 parts per thousand - and on the seaside of the Eastern Shove - salinity 
about 30 parts per thousand. Gellon samples were used. Bayside oysters 
shucked in a dry container had a drainage loss inmediately after shucing 
of 25.2 percent as compared with 8.2 percent of Seaside oysters. These same 
oysters were drained and weighed six more times in succession to see how 
much liquid they continued to lose on continued draining. As a result of 
being drained and weighed seven times in succession, Bayside oysters had a 
total drainage loss of 44.4 percent whereas Seaside oysters showed a corres- 
ponding loss of only 18.1 percent. 
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These findings were supported by other experiments in which oysters were 
shucked into containers containing 25 percent of fresh water and 75 percent 
of fresh water by volume. The data show clearly the difficulties that are 
likely to erise in an effort to establish Standards that will apply equally 
well in both regions. 


In eny attempt to promulgate uniform handling procedures for different 
areas, such differences as those given above cannot be ignored. Pertinent 
date on how oysters respond to different handling procedures, and, soo, on 
what constitutes the best practical procedures for the different sections 
should be mede known to the oyster packers end to the regulating avthorities. 
Both groups stand to benefit from strict adherence to such regulations. The 
oyster growers can benefit from the Food and Drug Administration Hearings by 
taking steps to get a factual basis for needed regulatory measures. 


The subject of uniform count has been discussed at some length. Our 
observations have not been comprehensive enougn to permit generalizetions. 
It seems clear, however, that the counts are more uniform in some houses 
then in others and thet concerted effort by the industry will result in sig- 
nificant improvements. 


Preliminary observations were made on the number and weight of shell 
fragments in individual gallon semples of "Select" and "Standard” oysters. 
Standards, as expected, were found to contain far more bits of shell than 
Selects. In one instance a gallon semple of Standards contained 139 shell 
fragments which weighed 24 grams, the largest fragment being one end one-half 
inches in length. The remaining samples were lower, one gallon of selects 
containing only 1 fragment which weighed 0.5 gram. These extremes are cited 
to indicate that there is a large variation between different plants and be- 
tween different days in the same plant depending on the experience of the 
workers and the oyster stock. 


48 in the case of the problem of getting reasonably uniform packs, the 
oyster packer could, seemingly, accomplish much through constant effort to 
reduce the amount of shell fragments. Doubtless, the Hearings have resulted 
in improvements in more than one plant by making the operators increasingly 
aware of the 6ffect on the quality of the oyster pack of excessive contact 
with fresh water, excessive blowing, and excessive quantities of shell frag- 
ments. 


It would appear that such a step should help improve the demand for 
oysters. Furthermore, without effective regulations the progressive packer 
is likely to be penalized by the careless pecker who is relatively indifferent 
to the quality of his product. 


The importance of quality and not just size as a basis for grading has 
been stressed and deserves still more emphasis. 
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I suggest that the Oyster Grower's Institute keep this whole subject 
of Standards alive by designating a committee to work on the projeuwt. 4 
function of the Committee might be to stimulate and coordinate the investi- 
Batons needed to provide the necessary facts and to cocperate with the 
governtient agencies in assuring adherence to the desired standards of hand- 
ling and packing oysters. By keeping the packers more conscious of the ill 
effects of long contact with fresh water, of excessive riowing and of large 
numbers of shell fragments, a better oyster pack can be assured. 


BACTERIOLOGICAL OBSERVATIONS ON OYSTER GROUNDS 
OF THE HAMPTON ROADS AREA 


P. Arne Hansen, Bacteriologist, 
U. S. Fish and Wildlife Service 


Every oysterman is confronted with a great many problems in securing 
the best possible product for his market. One of the many obstacles which 
he is facing is the difficulty in finding adequate planting grounds in a 
locality where the oysters will fatten quickly and where sea water is suf- 
ficiently clean to meet the requirements of the U. S. Public Health Service. 
It may be added that the oyster grounds should be, of course, at a convenient 
distance from both shucking house and seed beds. The massive increase in 
population in the Hampton Roads area, especially during the war years, has 
been responsible for adding more acres to the already extensive restricted 
shellfish producing area with the result that the oyster growers have been 
practically forced out of the lower Bay between Willoughby Spit and Little 
Creek, an area of 3,847 acres. The monetary loss in production of market 
oysters is difficult to estimate exactly, but for the entire Hampton Roads 
area, it may well exceed 2 million dollars. Besides the actual decrease in 
the production of marketable oysters, there is an additional loss in the 
value of oyster bottoms which have been carefully improved for years by 
shell planting and which represent a considerable investment. 


The loss of oyster producing bottoms has caused deep concern to the 
oystering industry of Virginia. The Fish and Wildlife Service during the 
last 18 months has carried out studies on the trend of the pollution in the 
lower Chesapeake Bay with the object of finding areas free from objectionable 
contamination. 


Foods consumed in a raw condition, especially such which are of nitro- 
genous, non-acid nature, are of particular concern to public health officials. 
Since shellfish belong in that category, much has been done to safeguard the 
public and to dissociate the shellfish trade from the slightest suspicion by 
excluding from the market any shellfish which might possibly harbor potential 
danger. State officials, in cooperation with the U. S. Public Health Service, 
are continuously surveying shellfish waters to ascertain their suitability 
from the Public Health point of view. 


The degree of safety of shellfish waters is evaluated in terms of “Most 
Probable Numbers” of coliform bacteria, abbreviated M. P. N. This group of 
organisms in itself is not dangerous to human health, but it is universally 
associated with the excreta of humans and warm blooded animals which may 
carry organisms that are dangerous. Coliform bacteria are not present, at 
least not in significant numbers, in localities which have not been exposed 
to recent pollution. By planting definite amounts of sea water in suitable 
culture media, the number of coliform organisms can be fairly closely estimated. 
This quantitative method has become very widely used because it affords a 
fairly direct way to determine pollution. The most direct approach; namely, 
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the counting of dangerous pathogenic bacteria, is not practical. Instead of 
testing for these, we have chosen to discriminate simply against all intestinal 
bacteria. 


According to the standard established by the Public Health Service, an 
M.P.N. of coliform bacteria in excess of 70 per 100 ml. should place a water 
as a moderately polluted, and such water areas should be considered as pol- 
luted and restricted for shellfish production. If the value of M. P. N. would 
remain more or less constant at the same sampling station, the work involved 
in testing would be of relatively simple nature. The task of the investigator, 
unfortunately, is made quite complicated by the fact that numerous factors, 
such as temperature of water, state of tide, recency and amount of precipi- 
tation, wind direction, presence of nutrients or inhibitors in the water, 
and still other influences, govern to a very considerable degree the number 
of bacteria present. Due regard must be given to occasional occurrences of 
very high numbers, hence it is prescribed that the median (the middle value) 
of a large set of data be used for expressing the just figure. The varia- 
tions from one sampling trip to another are particularly pronounced in the 
Lower Chesapeake Bay where sound judgement can be arrived at only after pro- 
longed and all-year-round sampling. The field laboratory at Hampton has been 
studying the progress of retreat of the sewage front in the lower Bay, ex- 
pressed in terms of M. P. N. 


The restricted area studied, between Fort Wool, Willoughby Spit, and 
Ocean View, slopes very gradually from the northwest boundary where the depth 
is 12-15 feet to 22-27 feet at the eastern border, the main part having a 
depth of about 20-24 feet. North of this region, at a distance of about 2000 
yards, is a deep water channel, an important shipping lane, varying in depth, 
but mostly around 40-50 feet. Naturally enough, the pollution from the 
Hampton Roads area follows in some measures, as experiments have shown, this 
deep water channel being washed back and forth by the tidal wave. <A certain 
amount reaches, as our data indicate, the oyster growing area, mostly fron 
the west and northwest. Before the pollution reaches the extensive and al- 
most uniform flat regions north of Willoughby Spit and Ocean View, it is 
almost uniformly mixed and somewhat diluted. 


The pollution of this area decreasos when one passes from Fort Wool 
eastward. During the war, when there was extensive activity near Little 
Creek, an increase of M.P.N. of coliform bacteria was noticed toward the 
eastern border of the area. The numbers rise, as a rule, in an off-shore 
direction approaching the deep water channel, except in the most western 
pert near Fort Wool and Willoughby Spit where discharges from Norfolk leave 
the deeper water and pass over the Willoughby, Bank. The shallowness in this 
part is favorable for higher numbers, because of lesser dilution. 


As a whole, M.P.N. are higher on ebb than on flood tide. Excepted, 
however, are certain off-shore points approaching the deep water channel 
where the flow of sewage may be pushed out sideways with the incoming tidal 
water. 
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The influence of season has been found to be extremely important. After 
relatively low values during parts of the winter, and into March 1945, the 
number of coliforms increased to high values late in April. Very high numbers 
were reached during July and September 1945. Not before February 1945 did 
the pollution subside in most of the field studied. In the region most 
closely situated to Fort Wool the figure remains relatively high. 


The pollution seems to bear a certain relationship to rainfall. Some 
climatological extremes occurred in 1945. It is worth noting that July 1945 
was the wettest July of record for Virginia. Tidewater Virginia averaged 
in this month 13.46 inches of rainfall, or 8.40 above normal. September was 
next to the wettest September of record and Tidewater Virginia averaged 5.6 
inches of reinf ll, 2.22 above normel. This rainfall may have had some rela- 
tionship to the high M.P.N. of the two months. Not only did a number of 
stations show considerable pollution, but it was also observed over an ex- 
tended area. Whether the seasonal variation will be repeated in 1946 is 
impossible to answer, but the first part of the year has shown some slight 
hope for improvement. It may be related to the cold spring, to the decrease 
in wartime population, or, possibly, to a change of Sewage. 


The future of the oyster grounds in the Lower Chesapeake Bay will de- 
pend very closely on the progress of the plans for the treatment of sewage 
effluents scheduled by the Hampton Roads Sanitation District Commission. 
Since 1927 an increasing effort to provide for improved sanitation of the 
Hampton Roads area found its expression in the formation of various important 
commissions, culminating in the creation of the Hampton Roads Sanitation 
District and the Acts of 1940, which were approved in November 1940, The 
District includes territories on both sides of Hampton Roads and considerable 
advance has been made in the extensive engineering projects for suitable 
sewage disposal. So far, the main accomplishments are the following. All 
main sewers on the Hampton side have been completed. Sewage west of Sunset 
Creek since pril Ist, 1946, has been discharged into the outfail nee the 
Small Boat Harbor at Newport News. The south side of the Hampton Roads area 
is now almost completely being served by lateral sewers, and the outfall at 
the Army Base has been in operation since early in 1945, The Portsmouvh 
Sewers are completed and the plant at Pinners Point is under construction. 
At the present moment, no sewage treatment plant in the Hampton Roads Sani- 
tation District is in operation but several are under construction. The 
Small Boat Harbor plant is expected to start operating in November 1947 and 
the Army Base Outfell late in the summer or fail of 1947. The entire plen 
is expected to be completed at sometime in 1948. 


The Fish and Wildlife Service is looking forward to following these 
changes closely insofar as they will reflect themselves in the bieteriological 
findings in the oyster producing waters of the region. It is hoped that the 
“clearing up” of a region end the consequent lifting of restzictions on shell- 
fish production will be reached in the not too distant future, Whe importance 
attached to the pollution problem in the Lower Chesapeake Bay should not in 
any way be so construed as to be reflecting any stigma on oyster production 
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business in the Hampton Roads region. On the other hand, the extremely rigid 
restrictions on shellfish production areas, with which the market has been 
protested, has placed the quality of the oysters beyond reproach- 
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